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1.1-1
1. INTRODUCTION

POLAR is a set of computer programs designed to predict the
electrical interactions between the natural environment and a large
spacecraft in polar earth orbit. POLAR consists of many complex
physical models which have been converted to algorithms and connected
by an executive structure. Since there are a wide variety of
spacecraft and environments, POLAR has been written with maximum
flexibility and applicability in mind. However, to allow for when a
model may prove inadequate, POLAR has been designed with a high degree
of modularity to enable changes in the physical models and algorithms
to be made quickly and reliably. The documentation is also designed
modularly so that code modifications can be documented immediately.
Thus this manual is intended to be a living document, accurately
reflecting the most current status of the POLAR code. This modularity
does make for difficult reading, but we feel that the total information
content is enhanced and that it is a valuable compromise. Since the
models in POLAR are subject to change and replacement, it is important
to have matched editions of the manual and the computer code. The
edition date for this manual is July 1984, and it describes the edition
of POLAR delivered to AFGL in July 1984.

1.10 CODE STRUCTURE

POLAR is written in FORTRAN in accordance with top down
structural programming principles. It consists of four main programs
and one attending utility program. Program one, called VEHICL, handles
object definition. Program two, called ORIENT, is used to reorient an
object and the grid. Program three, called NTERAK, actually calculates

the spacecraft-plasma interaction and most of the physical models are
contained in NTERAK. The fourth program is called SHONTL, and it
controls plotting and information retrieval. The fifth program or
utility, PLOTREAD, translates the machine independent output of SHONTL
to local plot commands.
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3.1-1 A
3. PHYSICAL MODELS EMPLOYED IN THE POLAR CODE :

. \-' »
. \'

The POLAR code makes various assumptions which enablie it to

Computational Techniques. This chapter provides a so-called executive

perform three-dimensional charge calculations in relatively short ;::?;E
. Debye length plasmas. In this section we examine the component f,zifﬁ
‘ physical models and discuss their validity. While each is addressed SEEZEE
| separately, the code achieves a self-consistent solution by various L
5 levels of iteration. These are described more fully in Chapter 4, Eifiiﬁ
X RGN

summary of the models as if the numerics were arbitrarily accurate.
Numerical techniques are discussed in greater detail in Chapter 4.

One major, overriding assumption should be identified before the

e

component by component description, which is that all time dependence

; on the scale of particle dynamics is ignored. This means that %

3 particles see spatially dependent but time independent fields for the ii?ifﬁ

3 period they are near the orbiting vehicle. As such, all plasma E;Z;E}

v oscillations, including electron and ion modes are precluded. Thus, ;?;;ﬁ

i oscillations in the wake or at leading edges will not be predicted by gxifg

\ the POLAR code. e

: R

. 3.10 THE POLAR PLASMA ENVIRONMENT RAORA

%

POLAR can model a wide variety of plasma environments from i;j;,;

reasonable combinations of the following populations: Eﬁ;éﬁ

Ions; i?’?":

Cool Maxwellian ions (input AMU). R

N Cool Maxwellian protons. lﬁﬁfﬁ

Both the protons and ions are assumed to be isotropic in the plasma Hﬁkaﬁ

frame. The relative densities are controlled by imputing the density k‘"q.

ratio with the total constrained to equal the ambient electron T

y density. Both populations have temperatures equal to the temperature 'IFﬁff

: 1 of the cool electrons. i:;:;
s




..............
.................................

Electrons:
Cool ambient Maxwellian, temperature 1, density 1.
Suprathermal, power law distribution of energies.
Hot Maxwellian, temperature 2, density 2.
Energetic, Gaussian distribution of energies.

The cool Maxwellian population is considered isotropic in the

plasma frame. The other, more energetic populations may be given S
field-aligned and loss-cone distributions. . .f?

l'
'v‘.;‘\‘- .,

’l
iy

Limitation:

Currently, many of the options listed above are not consistently 9;
implemented throughout POLAR. Specifically, all electron populations e
are considered isotropic, and the proton population is ignored in the i 2
sheath model (3.60). These restrictions will be removed in future ;i:;
work . §§:$-

oy

3.20 PLASMA POTENTIALS

The other major assumption is that the only fields of major
importance are the static electric fields obtainable from Poisson's

equation and the earth's magnetic field. The only velocity related
/) field included is that induced by V x B on conducting surfaces. The
o

frame of reference is chosen to be the stationary plasma, so that

VxB8 effects appear on the vehicle as boundary conditions. The

plasma at infinity is defined to be at zero potential.

Plasma potentials are obtained from Poisson's equation

where A is the Debye length (x2 = €, kT/Nez), and the charge

density is that of the ambient plasma. Contributions from hot auroral

electrons and particles backscattered from the vehicle are neglected.

.......................
.....................
....................................................
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3.30 PARTICLE DENSITIES 0
Ko
e

The electron density is assumed to be Maxwellian without any
excluded orbits;

6/kT
n =n e
e eo

where Ne is the unperturbed cold component plasma density. The
absence 8f excluded orbits implies neglecting potential barriers for
electrons in the wake. The validity of this approximation has been
studied using as an extreme case a disk moving infinitely fast with
respect to thermal ions, but very slowly with respect to the electron
thermal velocity. Such an object has rigorously no ion charge density
in the wake and thus has the maximum negative space charge physically
possible. Solving Poisson's equation for this case gives the maximum
possible negative plasma potential. The central wake potential as a
function of disk radius over Debye length is shown in Figure 3.30/1.

We see that even for shuttle size objects that the peak space charge !*3“}
potential is less than 20 kT, or about 2 volts. If the surface ﬁ;ﬁ;p
boundary conditions are more negative than this wake space charge Ei;ﬁ
max imum, the potential in the wake will be monotonic and no electron Qﬁfb
orbits will be shadowed. This will clearly be the case for any case 23?7%
with substantial negative charging. jlfk

The ion density term is determined using one of two models, ;L.fﬁ‘

depending upon the local potential. At large distances from the
. object, where the potential is near plasma ground, that is

substantially less than the ram energy of the ions, ion orbits are
assumed to be unperturbed by electric fields. In this presheath
region, ion densities are determined for both ions and protons, by the
"neutral ion model" described next. A sheath edge is assumed to
separate the presheath from a sheath region wherein electric fields
dominate thermal effects. In the sheath region, ion densities are
determined by sheath ion model (3.32, 3.60).
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than a zone, which is, of course, impossible to model accurately.

N 3.3-3
S; It is important to note that the ion densities that result from :'f'
E; the combined use of the neutral ion and sheath ion models are subject ':';3.
l to certain limitations and shortcomings. N
0y oo
3‘ . :.:-.
:\ Therg is a low density or Laplace limit where the sheath edge is :::j;:‘
b, no longer sharply defined and electric fields extend far into the ;;-'.jw
plasma. In this limit, the neutral ion approximation would fail, and o
.'E',: thermal ion motion would be incorrectly ignored inside the sheath x
:_:: edge. This limit is characterized by a Debye screening length that is
;': comparable to, or larger than, the object size. This does not mean
. that POLAR cannot provide useful results in the long Debye length ;_‘:
:;‘.; 1imit, since the space charge coupling to the potentials is recuced by “E
:: A-z. The user should, however, understand that ion densities and ’,
\_, sheath ion currents (3.60) can be in error. There is also a short :.-
" Debye length limitation that occurs when the Debye length is very much ;{;’
less than a zone size and object potentials are low. This combination ::;:7.'_:
\:: can result in an object to sheath-edge distance that should be less :'-’\"

This limitation is further discussed in Section 4.44, and illustrated

G RIS
v, i
.
L}
{

in an example in Appendix C-3. :"
3 2
N There is one further limitation of the ion density model that N
i occurs when a sheath is significantly larger than an object. In this A
::Ej case, the ion densities outside the sheath will have been determined e
E‘ by the neutral ion model using the object as the only perturbation to ?
:; jon orbits, where it should have used the sheath edge inasmuch as a ;""‘
!‘ sheath edge can be considered perfectly absorbing (Section 3.60). ',_.-_;.-
::::f . This problem is scheduled for resolution, but presently its effect Z‘:*-'
::‘ should be minimal as far as object charging is concerned. S:::
!:

-
]
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3.31 THE NEUTRAL ION APPROXIMATION

In some regions of space the electric fields may be weak, and
potentials less than both the ion flow energy and the ion thermal

\ energy. Here, ijon motion may be approximated by that of a neutral
: particle where only collisions with absorbing objects perturb the ion
l density. The ion density in this region is calculated taking fully

into account ion thermal velocities but ignoring bending of
trajectories by electric or magnetic fields. This can be expressed by
the following equation:

TaTA 4 » EEERT " .

fi(x, v) = g(x, ) fy,(v)

where fi(x, !) is the ion distribution function at a point x in

i space for a velocity v and fio(v) is the unperturbed velocity

i distribution function for a drifting Maxwellian (the assumed condition
) at an infinite distance from the vehicle). The function g(x, ) has
& value zero if a ray starting from x going in the direction g would

. strike the vehicle, it has value 1 otherwise. This function takes

. into account particles who cannot contribute to the local charge

k density because they run into the vehicle. The charge density is

", obtained by integration over velocities:

g

;" ©

; n.(x) = rf(x v)dv = j (x,8) ff (v Q)vzdv dq

- iix) = J XN giXs io

* Q 0

4

v

' Since the potential varies logarithmically with density in the quasi-
i neutral region about large objects in short Cebye length plasmas, a

- factor of 2 error in this density will lead to less than one-tenth

. volt error in the local potential; thus approximation is not expectea
v to be a source of any large error.
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3.3-5

3.32 SHEATH ION DENSITIES

Section 3.60 discusses the POLAR sheath model and the sharp
edged sheath concept. The derivation of ion densities from
trajectories within the sheath is explained in 4.42.5. What follows
here is a brief outline.

Given a sheath edge, currents from "infinity" to the sheath edge
are calculated analytically using orbit-limited theory. These
currents are assigned to a set of “super particles" (Reference 3-5)
that are tracked inwards from the sheath edge to the vehicle surface.
Ion densities are determined from the product of the particle current
and the time that a particle spends in an element, and by the focusing
of trajectories.
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3.4-1

3.40 INCIDENT CURRENTS

POLAR models a number of charged particle sources as responsible
for surface and vehicle charging. These are ambient ions and
electrons, energetic electrons, ion and electron generated secondary
electrons, and photoelectrons.

POLAR is presently constructed to model plasma interactions with
a negatively charged vehicle. Since the comments of Section 3.30
concerning potential barriers apply here as weil, we can assume the
ambient electrons to be repelled with no excluded orbits within the
hemisphere of velocities impinging upon a surface. When these
conditions are met, the velocity space integrals over a Maxwellian

distribution decouple from the surface potential and we may write
. . eV/kT f
Jo(V) = Jgq €
{.
$_5
For the energetic electron sources, the current integrals are more §"§;
involved. These are discussed further in Section 3.41 and presented :Eﬁ&'
in Sections 4.52.3 - 4.52.5. UeSs
. .\¢\_\‘
N
The ions are presently the attracted specie in POLAR. The .
calculation of ion currents is discussed in Section 3.42. .
?“
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3.41 INCIDENT ELECTRON CURRENTS

A statistical study (Ref. 3-1) of high latitude precipitating

electrons has shown that these fluxes can be well represented by the E:fféf
following parametric expression NN
F:.::J'.:
» YN
) -[(E—EO)IGJ T
- E -E/kT RO
(E) = AE™ *+ Cn ——gr e + E Be (3.41-A) ok
(kT)

These are the power law, hot Maxwellian and Gaussian
distributions mentioned in Section 3.10, where C = (2 me)'ll2 .
w_3/2, and A, a«, n, T, B, Eo and & are parameters determined by
the particular shape of a spectrum. Here, ¢ (E) has units of
#/m2 .S, str, keV. To apply these distributions to the charging
of a surface, it is necessary to formulate the distribution function,
f, at the surface. We start by disecting £qs. (3.41-A). Equation
(3.41-A) appears to assume a zero space potential because a factor of
E (total energy) rather than K (kinetic energy) is used for the
velocity or energy space differential volume unit. We next invoke the
Vlasov equation to allow a mapping of f along a trajectory connecting
the surface to "infinity". In doing so, we replace the one factor of
E with K, while elsewhere setting E = K + qV where q is the particle
charge b, and V is the surface voltage. Thus, we write,

£(K,V,0) = A(H (K + qu)~(e*D) %
2R () i
Y =S exp(=(aV * K)/K T o
e-1 (KTg)'r SO,
* B(y) exp(-(K - K )°/a%) S
i
£
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3.4-3 .
The index e covers both hot and cold electrons, and .
Fo(¥) = g(¥)*n /kT/2=m which is the thermal flux multiplied by a
a function of the pitch angle. The net electron current density at a

[+ surface is, of course, RN
La Oy
.’1. ;::'-:: d
' /2 2w U VAN
4 . Ig.f of”
J=gq f dé / de f k dk f(K,V,¥) cose sine . A
o 0 0 L :::.:::::
-,.' “-.J.':'.'
s T
< The relation between the pitch angle ¥, and the spherical polar angles RO
K

of the surface normal is:

<
B ¢ (e,v,0) = arccos[cosy cosp + siny sine cosg]
’ where y is the angle between the surface normal and the magnetic
X field. These angles are illustrated in Figure 3.41-1.
N n
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V(S v,%) = cos~! [cosy cos8 + siny sin@ coséj

Figure 3.41-1.
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It is important to note that in composing f at a surface from f at
infinity, the angular factor in f, A(vy), g(v), and B(y), may evolve
dramatically. Ultimately, POLAR will estimate the angular evolution
of the electron distribution function, as this may be important for
some narrow high energy distributions as well as necessary for the
prediction of magnetic field effects. However, since the usual
tendency is for the repelled specie distribution to broaden (POLAR

% currently assumes all surface and space potentials to be negative),

4

> our first guess will be to assume f to be isotropic at all surfaces.

The energy integration limits, U and L, are 0 and « for the o
A

,§: Gaussian and Maxwellian distributions, but a lower cutoff must be SRROR
~ imposed on the power law distribution. This cutoff is physical in its ;;f;
-~ origin as the electron currents are finite, but determining it ;E:E
t; accurately is not always possible. POLAR uses a 100 eV default cutoff ff:i
= which may be changed, or alternatively the total current for these $§§k
-, electrons may be specified and a reasonable cutoff will be deduced by :;:ji
- NOS
- POLAR. DA
.;Z POLAR integrates each population separately. These integrations EﬁEﬁ?
?js are described in Section 4.52. ZE;E;
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3.42 ION SURFACE CURRENTS
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POLAR presently considers two positively charged particle
sources; one specie of ion (singly charged with a variable mass), and
protons. As the attracted species, the calculation of the ion current
density at a surface is a non-local problem which often depends
critically upon the shape of the orbits that bring ions to the surface
(Reference 3-2). That is, the problem is generally numerical with few
exceptions that yield to analytic evaluation. POLAR calculates these
currents as part of its sheath model, so the reader is referred to
Section 3.60 for further information, and a brief discussion follows
here.

External to a sheath edge "orbit-limited"” (Reference 3-2 and
Section 3.60) conditions may be assumed which will allow a flowing
Maxwellian velocity distribution to be analytically integrated to find
the ion currents to the sheath edge. These currents are assigned to
representative particles that are traced inwards to the object surface
to yield ion surface currents. This calculation is performed as a
portion of the POLAR sheath model which is executed as the CURREN
module of NTERAK (see Chapter 5 for POLAR code structure).
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3.5-1
3.50 ELECTRICAL CHARGING

The electrical charging of the spacecraft is modeled using a
circuit analogy. The plasma around the craft becomes a current source
with a capacitance between the plasma and the object's surface. The
spacecraft is modeled as a network of capacitors, resistors, and
voltage sources. The basic charging equation is

4

I(t) = € g V(t) = o V(t) (3.50-A)

where 1 is current, C capacitance, o conductance, and V is voltage.
Each surface (the smallest mesh unit sized square, triangular and
rectangular building block) contributes a component to the current and
voltage vectors.

Surface voltages are updated (integrated) by timestepping a
finite difference approximation to Eq. (3.50-A) (4.51). This
integration frequently proves to be difficult because of the wide
range of capacitance that can occur in the g matrix. For instance, a
surface to plasma capacitance might be

C €

2
= = 0 = 10 pf/m

where A is the surface area and R is an effective radius, whereas the
surface to conductor capacitance of a dielectric might be

C
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3.5-2
Thus, a driving current of 10"5 A/m2 would produce charging rates
of 106 volts/sec and 10  volts/sec. Obviously, these two extremes
would require different timesteps for a simple explicit integration.

The stability difference between the explicit and implicit forms
can be demonstrated by a simple scalar analog.

Explicit: C[V(tz) - V(tl)] = I(tl) . At
Implicit: C[V(tz) - V(tl)] = I(tz) . At

Substituting

I(tz) = I(tl) + I'(V(tz) - V(tl)) (3.50-B)

gives

I(ty) at
V(L) - V(t) =0T

11 f! I(tl) = 10-6 Aa

If we take a cage of C = 107
at = 1 sec, I' = =10~ A/volt we find
Explicit: aV = 105 volts

Implicit: aV = 102 volts

]

That the explicit answer is unstable is indicated by plugging aV
into Eq. (3.50-8) giving I(t,) = 107> A (explicit) or
I(t,) = 107 A (implicit).

POLAR utilizes both explicit and implicit timestepping to allow
large timesteps for the large capacitances while maintaining accuracy
and stability for the smaller capacitances. Details of implementation
can be found in Sections 4.51 and 5.70.
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3.60 THE POLAR SHEATH MODEL -

The concept of a plasma sheath requires definition. In general, &a—a;
the plasma sheath can be defined to be the region of non-neutrai
charge density that shields a charged body from distant plasma. A
more precise definition should distinguish between an "orbit-limited"
sheath and a "space charge-limited" sheath. Investigations into
current collection by Langmuir probes (Ref. 3-2, 3-3) in the long
Debye length limit, have shown that current collection is orbit-
limited, i.e., on the surface of a probe, distribution functions are
filled over a hemisphere, and are related to the distant plasma )

"
1 ]
'
;
5

Dt

*ﬂf‘.f,./..n‘#
LNy

4NN
2

5%

b

distribution function by constants of the motion or "orbits". As the fﬁ;:?
Debye length is shortened, current collection remains orbit-limited i:-la
until the charge density is sufficient to cause the electric potential g&;gé;
to decrease faster than the inverse square of the radial distance. At g

this point, current collection is said to be space charge-limited.

An important feature of the orbit-limited sheath is that the
particle currents to a surface are independent of the exact shape of {"“7f
the potential well, making it possible to derive general expressions RN,
for currents and densities. The opposite is true of the space charge-
limited sheath where currents and densities must be calculated JROREAX

r

numerically by following trajectories in potential wells that must be E;;~§

consistent with the particle densities. The many approaches to this 5gf2f

problem have been reviewed recently by Laframboise (Ref. 3-4). ;;t?f

R

X POLAR must model the space charge-limited extreme, which S&y;f
? dictates the use of some trajectory tracing. Efficiency is maintained :ﬁi;:;
: b. recognizing that orbit-limited conditions exist in the ifii;
: wuaSi-neutral region outside the sheath, and that trajectories must be SNEY
; followed only inside the sheath. POLAR thus makes a sharp sheath edge \;:2%
£ approximation to divide a problem into the two regimes. Fluxes from :ibﬁﬁ
. "infinity" to the sheath edge are calculated analytically using orbit- ;%tg?
; limited theory (Sections 3.42, 4.42.2). These fluxes are then assigned ?&;ié
-‘ T
N

E:E\‘

LSy \"\.'
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3.6-2
(Section 4.42.3) to trajectories that are tracked (Section 4.42.4)
through the sheath to determine particle densities in the sheath
(Section 4.42.5) and surface currents (Section 4.53). Of course, for
the self-consistent probe problem, POLAR must iterate between sheath
density solutions and Poisson solutions, and for a charging problem a
higher level of iteration updates the surface potentials and iterates
with the sheath-Poisson solution.

The sheath edge is nominally chosen to be the 0.47 kT potential
contour. For a spherical probe in a non-flowing plasma, this is
consistent with previous investigations (Refs. 3-5, 3-6). In the
presence of net plasma flow, POLAR maintains the 0.47 kV sheath edge
choice, but it is presently not clear what the best choice for the
sheath edge will be for high flow problems.

There are two major approximations made in the POLAR sheath
model. The first is the so-called sharp sheath edge approximation.
This assumes that there is a sharp boundary between non-neutral sheath
and the surrounding quasi-neutral presheath region. For large objects
in short Debye length plasmas this is a very good approximation. The
other approximation is that thermal effects within the sheath are
small, i.e., from a given position on the sheath boundary, that a
single trajectory is adequate to represent all particles entering from
that position. This implies that potentials exist in the sheath such
that

%T >> 1

and that the electric fields near the sheath edge are sufficiently
strong so that a velocity space element is accelerated rapidly and its
thermal spread is small;

vip T << L
where Vth is the ion thermal velocity, tv is the transit time from

the sheath edge to the vehicle, of characteristic dimension L.
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4. COMPUTATIONAL TECHNIQUES

This section describes the algorithms used to implement the
physical model.

: 4.10 GRIDS - DISCRETIZATION OF SPACE

POLAR is a three-dimensional computer code; that is, its
. internal representation of space allows variations in all three
. coordinate directions. Since problem set-up can be extremely complex

in three-dimensions, the choice was made to keep the spatial

coordinate system as simple as possible. Space is divided uniformly
into cubes. The computer code stores information about a large set of
cubical volumes, called elements. It also stores values of electric
potential for the corners of the elements. The corners are referred
to as nodes.

SR W E R ow -,

«

~

.
w

%

o
4.11 STAGGERED MESH o0
L
The coordinate system used in POLAR is Cartesian. This greatly 2003
.y

7
5 44y
G AN

simplifies object definition and converting positive vectors into
element locations. However, the types of problems POLAR is designed
to handle are very anisotropic. The density and potential
perturbations are along the wake direction and can extend for several
vehicle diameters. To provide resolution in this wake region but not
occupy an excessive amount of computer storage, a system of staggered
meshes has been implemented. The staggered mesh consists of square
layers of elements that are only one mesh unit deep in the
z-direction. They are stacked upon each other so that the center of
each layer is as close to the wake center as possible and still have
the nodes at integer coordinates. Since this extension always is in
the z-direction, the object coordinates can be transformed by a 90°

s
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1¥'??£ﬁ
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rotation matrix so that an arbitrary Mach vector can be accommodated.
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4,1-2

The problem space is unrestricted in the z-direction so that viable
results may be obtained for large Mach vectors in lower density plasma.

Examples of grids for two objects are shown in Figure 4.11/1.

4.12. OBJECT GRID

The object grid is the space in which the object is defined.
This subsection of the grid space is non-stepped and is a regular
prism. The object must be defined so that it fits entirely within
this space.

The object grid also serves as the coordinate reference point
for the entire problem. The lowest point on the x, y and z axis (low
leftmost corner) is defined to be the origin and has the coordinate

value of (1,1,1).
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4,2-1
4.21 FINITE ELEMENTS

4,21.1 GENERAL

Consider a charged object isolated in space. The potential ¢
everywhere is given by the solution to Poisson's equation

Vzb = -ple (4.1)

The variational principle associated with this equation is given
by: s

%;[(fdv % (V¢)2 + .22) + f %-6- ds + fb . d.dS']s 0 \Q_:
CS CB “-::

where we integrate over both the object and boundary surfaces (cs,
CB)'

To simplify things for the purpose of illustration, let us fix
the potentials on these surfaces and assume zero charge density.

The equation then simplifies to
%6 fdv % (ch)2 =0 (4.2) ‘;;-;-;1:;

Equation (4.2) involves an integral over the volume of the ij}
computational space. One way to treat this integral is to divide the j}:m

space up into finite cubic volume elements. A
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In this approach the potential ¢ is defined at each grid point, or gﬁ

node, defining the vertices of the elements. The potential inside B

oy each element is then trilinearly interpolated from the values of each :\:
of its eight vertices. A

b=

te (X,_Y,Z) = Z NiX_YZ ¢1
i€e

where "i" are the nodes of element "e"

v® (x,y,2) =}:\7Ni’“’Z '
i
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ﬁv % (v¢6)2 = Z ﬁve 2

e

XA

ZVN? (x,y,2)8,
g

The quantity

e _ Xyz Xyz
W = dee NG L N (4.3)
e

is completely defined just by knowledge of the shape of the element
&: "e" (i.e., whether the cube is empty or partially filled). For
> screening purposes, we also require

v W ¥ ¥

A
CEEREY 40
3 - .l L

e _ XyZ \Xyz
V35 = fdve NN (4.4)
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The variational principle therefore becomes:
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J i
Let :E: w?j = Mij' Equation (4.4) becomes
e

3 [E "i“ij%]‘ 0 =

iJ

6

nx

Thus the set of ¢ values at each node ($) that satisfy M ¢ is the
solution to the Poisson equation (4.1) under conditions of fixed
object and boundary potentials and zero charge density.

We may solve Eq. (4.4) iteratively. Our initial choice of ¢
will yield a residual r

6= -r

~

=<

The iterative scheme used is the Conjugate Gradient technique. It is
based on the following equations:
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These equations may be iterated upon until the resultant 9 vector
becomes the solution to Poisson's equation.

The major computational operation in the iterative set of
equations is the evaluation of the matrix-vector product Q u. The
vectors g, u, and r all have the same number of elements as the number
of grid points. M contains the square of this number. Such a huge
array is impractical to store all at once and so M u is evaluated
using the following implicit algorithm
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The w_ matrices are of reasonable dimension, for example, 8 x 8 for
an e;pty cube. The residual r is constructed element by element and
then summed. These "weight" matrices we May be calculated
analytically for each type of empty or partially filled volume
element, allowed by POLAR. There are seven of these. Filled cells
are not included in the potential calculation. This is how POLAR
treats filled, partially filled and empty elements, differently.

N

~y « e s w_=
7 AP Tt R
N T

. - Al

a4
”

[ fll

LA

..'_'.
¥
~ .
¥ ,.::_."'.\J
LAEACAL |
N
r_.-NJ-*J
SN
',‘\ Al .\*
e 0t
LA
e
"-“‘-'XT‘
- -.-/.‘, . -,--.- T e LN LA « AR N e R R N el e T . ST T
o PR " L. 4 - "\ EP I e e CNT T RTINS
""" N z P04 4% f:_'(L(L':L' Y, L'L’N-‘P' "-\_"A_’n_"n._ NIRRT PR A LIS S r ]




SR AN

a

[ o W

[ A AR A

Fen vy

.
A PSRRI ATY

n)a.}}

4.2-5
4.21.2 SPECIAL CELLS

The geometry of NASCAP/POLAR objects can be treated in terms of
a relatively small number of volume cells. Each type has a maximum of
eight corner nodes, plus a node at the center of each possible surface
pointing into the element. The most common volume element (designated
type 0) is the empty cube with no surfaces. Other elements are:

a. The empty cube with up to 6 surfaces (also type 0);

b. The wedge element (type 1);

c. The empty element with a diagonal line (produced by a right-
triangle surface or a slanted thin plate) on one face (type 2);

d. The tetrahedron (type 3);

e. The truncated cube (type 4);

f. The slanted thin plate (type 5).

Each element is characterized by (1) a standard orientation;
(2) a set of interpolation functions (see 4.21.21 for treatment of
surface nodes); (3) the matrix :& given by Eq. 4.3, which represents
the operator -y~ in Poisson's equation; and (4) the matrix !,
defined by Eq. 4.4, which handles the screening part of Poi;son's
equation.
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4.21.21 INTERPOLATION FUNCTIONS FOR FACE-CENTERED SURFACE NODES
(FCSN'S)

In constructing the matrices W and V for volume cells with
FCSN's it is convenient to work with the vector V=T g, where, for
corner nodes, ¥ has identical entries to the potenti§1 vector ¢, but
for an FCSN the ¥ entry is the difference between its electrostatic
potential and the average of that of its corners. In terms of y,
corner node interpolation functions are constructed neglecting the
FCSN's, and FCSN interpolation functions are unity at the FCSN and
zero on all other faces. In terms of these interpolation functions,
the matrices W and ! are defined by

f|v¢|2d3:=oTw¢=¢TAw

[ R

S.
N
a
w
)
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1o
—
1l <
lo
|
1
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te<

e

where the integrals are over the element volume, and we have defined A

and B, which are readily shown to be given by

A =fv~‘ cond @3

1]
_ N N 43
Bij -'}rN N d E .
Finally,
=TV A
T

1l <

]
-
1l
[ R |

The matrices T, W and V are given for each element type in the

succeeding sections.
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4.21.22  THE EMPTY CUBE (TYPE O) ELEMENT WITH NO FCSN'S ::*i
ﬁ
Standard Cell 0 et
Empty trilinear cube ;’.Ej;
Orientation: Arbitrary ﬁ:,
Potential Function: S
i N] Ny
1 (1-x)(1-y)(1-2)
2 (1-2)(1-y)x 3
3 (1-x)y(1-2) Py
4 (1-2)yx T
- 5 2z(1-y)(1-x) *ﬂ'
- 6 x(1-y)(2) P
b 7 2y(1-x) A
- 8 xyz ik
5 o 1/3 :j)
0 1/3 )
0 -1/12 13
-1/12 0 0 1/3
0 -1/12 -1/12  -1/12 13
-1/12 0 -1/12 -1/12 0 1/3 R
-1/12 -1/12 0 -1/12 0 -1/12 13 )
12 -1z <112 0 -1/12 0 0 1/3 @2
v‘ij '\:‘:
1/27 3
1/s6 1727 i
1/54  1/108 1/27 n g
: 1/108 1/56 1/54  1/27 P
- 1/s4  1/108 1/108 1/216 1/27 g
5 1/108 1/54  1/216 1/108 1/54  1/27 =¥
1/108 1/216 1/54  1/108 1/54  1/108  1/27 ik
1/216 1/108 1/108 1/54  1/108 1/54  1/58  1/27 o
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4.21.23 THE EMPTY CUBE (TYPE 0) ELEMENT WITH SIX FCSN'S
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Figure 4.21.23/1. Cubical finite elements with six face-centered peagy
surface nodes (FCSNs). The FCSNs are located on e
the ¥x, ¥y, ¥z faces respectively. SRS
. .\l
- -.‘.v"‘-
: Ty
N )
-
'a)
Y
|
-
L
-+
T R e R
PSR I T AT A A S e A R R T S A T A et et e e e e
M sl N e e e e e AN




YT 5 7 bR Ay R PRV S i B B LU AR LTI NI RUEEEE S TR T L0 )
_.s..m..m.... 0 IR I AN V; Jxa.. AR RIS RARAC A
LN T et A L B A A ALK P A AL ST A )
o N\.....m......f S AN, ?..f...:......s.., ..A.........xk..u. SRRRRAR A PN
Thh T A 2 YA AN l.-\-.-\f\f- SO A ...).\ PP R A A P A AT
o
(
1\
L]
<
N IN N N I
~ ~ NN
R B L T e T b N
la > 0N >o> Ix Ix ix
t ' ' I 1 > x 2
—4 -t — (Ve [Ve) (Ve Vo) Vo)
" % R e
I I IN
e ee em
— -4 —4
v v v :
~| o —t
bl > ~N m — H M.N
v v v
o o o
w5 — NN N N N
= Z{ A% 1> > % >
e I > Ix  x |x
AR
"
\_rl. 1_ — o~ o~ <t w
S
-

ThaALS

Spa

YNGR .(.\...n.\..v..
'

OIS

- sl

14

>

LAPL

A

SASPINAIY
LI
A

.

LR A R A
RPN

L R A

Interpolation functions for the cubical element of

Figure 4.21.23/1.

.
o~
~—
o™
o
.
—
N
<
@
S
3
o
N ad
[V

e T P )
Pl
\}\I 5%

X

PR AR R A YV T Y
g o AN PP A S
“!m..\ AR m\ﬂ...\..a..»..

| JERXA
TSN gl

"s

L)
h]
e

~
..-I‘

e
\I-"

e

~
4 \.'



[ RGOS 1 ORNSRLANR 1R A A

b .4 1% AN L . wﬂ.”x.“\......\...\.....”\... o : ﬂ”...v..””...\. ..H..H.-“ f“r .ﬂ..\..”.,..‘“”.””x”. w“\l.. 3

”..” S P AT S A LA _r RO AR YA AN CA AT YA

g S S

f-.v

.

'

-

.

R S 00F 000 000 000 000 000 G¢ - 4Z- 47 - o 000 000 ¢Goo 000

3 N

w. < 000 001 000 000 GO0 000 000 0OOD 000 000 4¢ - 4& - GG Ga -

v

b, 000 000 001l 000 000 000 G- SZ- 000 000 G- 4o 000 000

g

ﬁ.\. 000 000 000 001 000 000 000 000 SGZ -~ S&—- 000 000 Co— 7 -

b,

3

. 000 000 000 000 001 000 GZ- 000 GZ - VOO GZ- 000 ¢ = 000

b,

m... 000 000 000 000 000 O00L 000 Y¢— 000 G¢—- 000 G- 000 9¢

”.“ 000 000 000 000 00O 000 001 000 000 000 000 0QUO 000 000

b

w 000 000 000 000 000 000 000G 001 000 000 O©COO0O 000 000 000

s
000 000 000 000 000 000 CGOO 000 00t 000 00O :c.o 000 00V ..

<luﬂh
000 000 000 000 000 000 000 OO0 000 00V 000 000 000 000 ”H
.!\v

000 000 000 000G 000 000 000 00O 000 00G 001 000 000 000

II-
ol

/

000 000 000 000 000 Q00 00D 000 000 000 000 001 000 000 z
000 000 000 000 000 000 000 000 000 000 000 000 001 000 ._&
...a-w

(8 )

000 000 000 000 000 000 000 OO0 000 000 000 000 000 00t ..“.”M

el

L XU o1,

1
A
i

\
o~

1

4

£

!

i




Y,

=

e’

)y

-

.

el

O e L
QAN
PARA AN

-~

b T e ‘B AadC sal )

S A S

D RARACR B A2 A e 4

-

vens

Pt g

2.

<~ T FaliC

e

. VA NS D
g -
M PLOBUZ OL£99+ 6GT6G t 6GI6G 1 6GIGG '+ 6GL6G + LL08 L~ (COFL ~ [FOCL - (S0CL - §ECLT V98 IG - §6€LS - €£0L6 -
. <
0/§99°+ ¥/L001'T 6GTHS + 656G+ 6GT6Y + 6STGG + CLCLG ~ €ELLG ~ CCC/G ~ CVCLG ~ LFNEL /S08L — LSOSL - (S05L -
” 6GC6G '+ 6GZ6G + KLOBI'C 0/£99+ BGZ6G'+ 6GZ6G + LE01¢ — (TUFL ~ TF0LS— COCLG — LE0TL - /50§50~ §S0LG ~ §FRLG ~
| 6GC6G + 6GZ6G + 0/€99+ PLOBI'T GSTOS t 6GL6G F CELCLG ~ $UTLG - LYOCL ~ LEOVL ' — FYLLG - §YC/G — (EO€1 -~ (Y0%L -
66265+ 6GI6G+ 6GT6G + 6GT6G + VLOBI'Z 0LT99 ) (L0L/ - CLCLG ~ LF0€L ~ FCELG - [VOSL - $SVIG — (E0FL - CFCLG —
“ 6GL6G4 6G26G + 647661 6GC6G F 0L£99° ) PLOBI'T CECLS ~ (LOCL '~ EFC4G ~ [0V - SCCLG /SOVL— €CELS - (£0CL -
LE0CL~ EECLS - LE0EL' ~ CLELS - (L0~ £ECLS ~ BLLGL Y HL0OV Y 200V 1 O/C10 4 L0V Y LSUE + OLLLb + 000CH !
LEOLL '~ £ECLS — LE0EL '~ ELCLS — CCCLS — LEOTL ~ #LOBV'Y QLL6L°F QLS 4 K/0BE' Y O/SEE 1 B/00F + COOFE + OLEIE 4
H LE05 L7~ EE€CLG — EELLG — LC0CL — LEOLL - C€LCLS — ¥LOOV - OLEWE' Y BLLGL Y $LOBY A OLCIP ) 0005E 4 +L08F+ O/CIE +
w LEOYL — CECLG — LOELG - LE0EL ~ €LCLS - LEOCL '~ OLAV' Y RLOBV + WLOBY Y BLL6L Y 000EH b O/CIb 1 OLSIE F 200V F
£ECLG — LY0CL — LE0TL '~ SLELS ~ LEOTL - CLTLS — 0BV - OLEIV '+ OLEIV Y QOOSH' F QL/GL Y 20908 vaSv. toLsiy 4
H £€CLG — (LEOLL~ (LO5L - €ELLS ~ C€CCLG - LLOCL~ O/ Y F/OREY Q0D K 1 OLEtb Y bLOGY Y R/I6/7Y Q78I 4 pLO0F 4
CECLG ~ LEOTL ' — TCELS - (LOLL — (L0E/4 — C€CEIS = OLEIp' ) QO0YE + ¥/00¥ 1 O/EIE Y b/0BV Y O/StE & Q761 /04 4
CEELG '~ LE0EL ~ CECLG - LE0EL — €CCLG — (LOEL~ 000gv V 0/€lb  O/81p b $208V Y O/81b Y F/ORE L LOUE Y 826074
. M XLEOYu| 9y,
e I 2 YRR, PRI e IRICA N R AR R .:)...J.. AP DN AR . f.'..r-.o../ ANANE JURIURRIUY. 1RB

ISR AL S e

X, A L x At



a

R IR i e
PRIV SRR ORAER PR N AREAS AN
o~
M.“ IBY60° 1 LPLYO -+ 92650+ 9Z6S0° 1V 9Z6SQ + 926501 0L~ 090 - OO0 - OEN0 ~ 96T — 96¢ a0
<
LbLYO + 1BY60+ 9ZBS0O + 92650+ 9Z6S0 + 926G0°+ 96270~ 96220~ 96220~ Y6LIU - 059U — OFVIO -
9Z6G0'+ 9Z6SO'+ IBYEO' Y 1¥/ VO + 9ZGSO+ 976G 4 0€910°— 0¥9N0' - 96TT0 - 96270~ 0LAN0 - OF9LY) —
92660+ 9T6SO+ I¥Lv0 ¢+ (BV60'+ 9Z6SO+ 9IZESO+ 96220 — 96220~ 0L9I0' -~ OSN0 - 962Z0 - 96220 -
92650+ 9Z6G0'+ 9Z6S0°'+ 9ZESO+ 18V60' ) Ly b0} 0€910° ~ 96CC0'— 0CLNO — 96ZZ0' - OCYIO — 96220 —
9Z6S0'+ 9Z6G0'+ 9Z6SO'+ 9Z6SO'+ 1¥/bO'+ 18V60° v 96220 — 0£90 - 96220~ 0FL910 - 96720 — 090 -
0€910'~ 96ZZ0 - O0LYI0 —~ 96TZ0— 0CHO— 96270 — 8rico+ 92600+ 92600+ QL9000 + 9600 + QL9004
0910~ 96220 — OCYO — 96270 — 96220 - OFINQ — 92600+ BHICO+ 0£900°+ 92600+ 0L900 + 926001
0F910'— 96220'~ 962Z0'— 0L9I0'~ QL0 - 86220 - 9600+ 0£900 + BHCZO'+ 02600+ 0900+ 96,00+
00~ 96220~ 96220 - 0910~ 967220 — 0C90 - 0900+ 92600+ 9Z600'+ BKIZO'+ 9600+ OL900 +
9G220- QL0 ~ OCYO0 - 96TZ0'— OSNU— 96ZZ0'— 92600 + 0£900°'+ 0C900 + 96(00'+ YKIZO+ 92600 |
96220'— 0€9M0'— 0€90'— 96ZZ0'- 96220 — OLYIQ — 0£900'+ 92600+ 9600+ 0TLI00'+ 9Z6O0 ¢+ QHICO +
96220'— 0L90' — 96Z2Z0°— OENO'— OSIO'— P6ZC0-- OF900 4 96£00'+ 92600+ 0L900°+ 9260041 OFYNO +
96220'— OLO0'— 96TT0'— 0€910— 96ZZ0' - OCOO'— 96,00+ 05900'+ 0900 + 94600°+ 0900 - 92600 ¢+
A XTIT8W a1y,

ca & a o v

T- TR L £ AV BT gy I A AN T MR s o WAL T

9G2¢0 -

0Ll -

96¢¢0 -

Oguo —

GE9Q -

962¢0 -

0900 +

96,00 +

92600 +

0¢€900 ¢+

QCE00 +

0c900 -+

griZo +

926001

96420 -

Oy oLo -

96270 -

oruo -

96220 —

uENO -

96400}

L9001

0£9g0 t

960G +

0¢'900 +

92600 +

9¢600 1

8¥IZ0

oy v Y
3 fx.we\..\fu..

L NOSINNNS
Tata"s 4

‘el

-

'
v £
L
‘d

POy
b

-’l'.'?\f\(_

SRy

LA

TR
- -

-\



P eiz2 Ve, . \ PP o 4 o
STl BRSO Ik A Y0k 2K vy RS .:..4). RRRA R A AR X000 AAARACR R e bl
.......I\ f.- m\o- ...... -.. ) .»f. < .-.v..-.. .-.-\-r.s)\A \I\- .\o-‘-a-\ \\. A ... ... ._. ....-. . ..Ix v n..n.-.n'.. -\. S .- &) f\ \l\}\-v
PR A K3 A Ay PR DI & kA A RO A AL AL R SRR N R A L-I-f\.r-ﬂ\.q\n-\..\ " g.-.....- a0
/
l-
™
i
v, o~
. .
< z
< -
: &
o
— N N
: - > [~
9 8] 1 1 N N
; c x X I~
; o N W R
I N ENEES
~ 5 > PSSR e
' - _Z_Zv_A ZZv.AT/A_.vIAHv\Hm_rM
- © Oolxlx “ olIxnilx - &8 N = ~ —
: —
: [«
, oy
3 o
; el
; b=t
P
—
\_y -
' w
, g
%
: -
* N
-. T
=z
-3
W YN
- O O O O e~ v =i = O ™ ™~ =~ =~
w N~ — vt
w ¥ Vv v
%] o c M Mo~ o~
Lt
w X X N ;.u
3 o ™ ™ o~ .
. W > vy o O = O =0 HOo - =~ %=
! — .
. = gme - oy A
. w AL L
[J] .
' = © - N M TN O N OO O ~ N ™ fowom A
. s o — o~ \.‘
: P T = I |> I~ o
', » @ A
: — s 74
. ~ 2 £y
i <t z .u
3 !
. Rt
o1
/R
. o
K
* ..A
»
r s'a
- - - =— - - - - e eee— . @ w e ", a s W % 8 F A4S N AT * * v -0 " S . § § @ A Y = w ooy ‘. o ¢ OF O®@ gua PN AL %, Me we w WD WREN z 8 N & ¥ _—_ N e l."»



T
b

I T YA i A B N S i S Rl

4,2-14

p it ]

—rer

FoFTETNTE

.

~

LAt s i o

“~

T

LAY APR Ans

-y

v rywgey

AN

Mh e

ﬂ\\\- - b B S ... 0 ...;..— A L-- oo I.- --*.

A ' v Yo “< N R - - PR . AT ,
e WA PSR : AN I P LRI RARY ..am
M S Y ‘oA, » Ul - .’ e

-.. PR AN ..-.\-.n.... o L AT, \- -\-\- Sitw i ..... 40 A....(.. O tM“--VM\A-\-.‘ "'l n‘.-. N .\.HP -.wi"

00001 0000 0000 0000 0000° 0000 00SZ'—- O00SZ- 00000 0000 OQ0SZ -~ OQOSI- 0000
0000 00001 0000 Q000" 0000° O0OSZT—~ O00SZ- 00000 0000 O00SZ - 00SZ- 00000 0000
0000° ©0000° 0000% 0000° 0000° OOSZ'~ 00000 O00SZ- 00000 00SZT- 0000 00€Z'- 0000

0000° ©0000° 0000° 00007 Q000" €LEC~ €L€€- €LEC- 00000 Q000" 0000 (0000 000D

0000 0000° ©0000° 0000° 00001 00000 ©0000° O©O000° 0000 €£C€ELC— €FfEC - €EEC - 0000
0000° 00000 0000° Q000" 0000° (00001 00000 00C00° 0000° (©0000° Q000" Q000" Q000
0000 0000° Q000" Q000" 0000 (0000 00001 00000 ©000° 0000 ©0000° Q000" 0000
0000° 0000° ©0OO0° Q000" 0000 00000 Q000" ©0O0OOT O©000CO° 0000 0000 00000 Q000
0000° ©0000° 0000° ©000° ©000° 0000 000" 0000 00001 0000 0000 Q000" Q00O
0000° 0000° ©0000° 00000 O©ODO° ©0000° ©0OD° 000O° 0000 DOODY 0000 0000 000D
0000 0000 Q000" ©C00° 00000 ©0000° 0000 ©000° 0000° 00000 0000% 0000 0000
0000° 0000 0000° 0000° 0000 0000° 0Q000° 0000° ©000° ©0000° 0000 00001 0000
0000° 0000 0000° 0000 ©00CO° 0000 ©CO0° ©0000° 0000° 0000° 0000° Q000" 00001

qusuiayg (o3pep) 1| odL) 10j .m.
N

1 xj13ep ayg i

%

=y

o

X

4\

~

"
37

"
»



[

4,2-15

[ IR WAL R .

A RRARNNY

i X
£€968°1 14L4°0- 1HLY°D-
13£41°0- £960°1 0.£2°0
IBLF°0- 0L8T°0 £9608°1
0000°0 0009°0 0009°0
0000°0 0009°C 0009°0
#20Z°0~ 111S°0- 111S°0D-
££€1°0- 9655°0- 0L9L°0-
£EL1°0- 0£9€°0- 9555°0-
0000°0 0000°0 0000°0
$£40Z°0- 111S°0- 111S°D-
L£EE1°0- 955S$°0- OL9L°O-
£€L1°0- 0£9€°C- 95SS°0-
0000°0

0000°0

0009°0

91£6°2

L1141

6091 °1-

6010°1-

119£°0-

11£8°0-

11£9°0-

0000°0

0009°0

0009°0

I

9i€8°7

1184°0-

11€£9°0-

11£9°0-

6810°1-

0000°0 ©000°0 0000°0 0000°0

$20T°0-

1118°0-

1184°0-

£45%6°0

9LV 0

"naoto

0000°0

Teis o

ss6L°0

gssL e

0000°0

£E£1°0-

8555°0-

08t °0-

11€9°0-

1A

£199°0

003 °0

0000°0

9S8L°0

0TSL°0

eLic°0

£E€i "0-
0£9¢ °0-
9555 °0-
80100~
11¢9°0-
0"Ho
voel -0
£199°0
0000°0
958 °0
L0
02sc°0

0000°0

Juomejg (ePpop) | odAy

N X1I3OR 9y

0000°D

0000°0

0000°0

0000°0

0000°0

0000°0

0000°0

0000°0

3o}

$£02°0-

1116°0-

1115°0-

1192°0-

teiso

9s8L°0

956£°0

0000°0

{St8°0

1A

(174 )

00000

£EEY"D-

9565 °0-

0eee " 0-

1ee°0-

6010°1-

956¢ 0

orst°o

eIL’0

0000°0

0Ly ’o

£1e8’0

08+ °0

0000°0

f£££1°0-

0¢oL "0-

8555 °0-

11£9°0-

6910 1-

8S6£°0

8L1L°0

0rseE o

0000°0

ML 0

v00Y°0

£189°0

00000

0000°0

0000°0

0000°0

0000°0

0000°0

0000°0

0000°0

0000°0

0000°0

0000°0

A Ay e S

A XA

:
:

- \I



- -
......f.n \\\.\4 J

wxxsxx.“ \\hf\\ ! _%NT *
By ...xs.‘..\...-.. AN R R A AR

a"SSNSN Nz \\nf\n.-u\..hlﬂh r- -.&&- \4\‘-\,.)

[To]

—4

.\ |
o

.

<t

¥2¥0°0 «££20°0 «(£T0°0 06T0°0 2°T0°0 H010°U- TS00°0- TSO0°0- 00000 #010°0- 7SO0N°0- TSO0°0- 0900°0 Oy
3 L820°0 F£¥0°0 LTZ0°0 SLT0°0 SL20°0 L¥DD°O- L%00°0- 6600°0- 0DO0°0 (¥00°0- L}0O D- 6600°0- 00000 W
. L820°0 LEZ0°0 WLVOTO SLZ0°O SLTOTO0 £¥O0°0- 6600°D- £%00°0- 0000°0 LF¥O0°0- 6600°0- LV¥0O0°O- 0000°O ‘hw
£ 0620°0 5<20°0 &S4£30°0 6LFP0°0 61Z0°0C $£00°0- ©L£00°0- 0£00°0- 0000°0 9800°0- 6900°0- 6800°0- 0000°0 e
S 0620°0 SL20°0 S£Z20°0 6170°0 6L¥0°0 9600°0- 6800°0- 6800°0- 0000°0 HE00°0- 9L00°0- 8L00°0- 0000°0

Y010°0- £¥00°0- £300°0- ¥£00°0- 9600°0- 81i0°0 1Z00°0 1Z00°D0 0O000°0 Sf00°0 1i00°'0 1{100°C 0000°0

. ZS00°0- £¥00°0- 6600°0- 0£00°0- 6£000°0C- 1200°0 1I1T10°0 £TOO°O O0QO000°0 (100°0C 1+00°C T1O00°Q OQOOD'D
W IS00°0- 6600°0- L¥00°D- 8£00°0- 6800°0- 1Z00°0 £200°0 1(Z10°0 0000°0 (100°0 T100°0 1¥00°O0 0OCO'OQ
0000°0 0000°0 0000°0 0000°0 0000°C 0000°0 0000°0C 0000°0 0000°0 0000°0C 0000°0 O0O000°0 0Q000°0
' $010°0- £¥00°0- £%00°0- 9000°0- ¥£00°0- 9£00°0 1IC0°0 1(100°0 0000°0 ©110°0 1200°0 1TOO°C 0000°0
: TS00°0- £$00°0- €600°0- 6900°0- 0€00°0- 1100°C 1%300°0 ZI100°0 0©OCO°0 IZOO'0 1TI0°'0 €£ZOO0°0 00000

TS00°0- 8600°0- £$00°0- 6800°0- OLO0°0- 1100°0C Z100°0 1$00°O0 0000°0 1TOD°0 €200°0 1TID°0O 00000

-

TS NGO

<. 0000°0 0000°0 O0000°0C 0000°0 000D°0 0000°0 0000°C 0900°0 0000°0 0000°0 0000°0 0000°0C 00000

P Ty T

¢ Juomeyy (o¥pepy) | 9dLy a0}

: A XJ11OR ey

[N E.  CIRIEFIEN T o~ KRN S LYLAIATEEESEr SRS D WIN], PR NCREAEEE | RN




AP

5]

1S}

[ AL

- .
LR

@ T
PP O

. &t

4.21.25 THE TYPE 2 ELEMENT

Cube with Diagonal Line on One Face

Orientation: Line from 2 to 3

Node Location
1 0 0 0
2 1 0 0
3 0 1 0
4 1 1 0
5 0 0 1
6 1 0 1
7 0 1 1
8 1 1 1
9 0 172 1/2
10 1 1/2 1/2
11 172 0 172
12 172 1 1;2
13 1/2 1/2 1
14 /3 1/3 0
15 213 2/3 0

where

X = 1-x

vl

7= 1-2

3

Interpolation Function, Ni

{(x-y)zo
[xe(x-y
(ye(x-y
(x-y)ze(x-y)

Xy z

(x-y)

) + ye(x-y)]z
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X Tetrahedron (Type 3) X,
B Y '] )- -
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3 4,21.27 THE TRUNCATED CUBE ELEMENT (TYPE 4)

L N
N .:_.:.
~ Ay
~ -_:.r"
o SN
"\ :;f

.E'. Truncated Cube (Type 4) "E‘;
N 1< x*y*z < 3 g
:: N
A e
! Node Location Volume _'!_1_

) 1 0 o0 o0 0 0

< 2 1 0 o0 -.0380 (2x -y -2+1)K(2~-x-y~-2)/3
3 0 i 0 -.0380 (2y - x - z+1)K(2-x-~-y~-2)/3

& 4 1 1 0 0806 (1 *+ x *+y-2z) ey/3. * (1-2)eg
N 5 0 0 1 -.0380 (2z-x-y+1)K@2-x-y-=-2)/3

ot 6 1 o0 1 0406 (1 + x + z-2y) 8,/3 *+ (l-y)eg

7 0 1 1 .0406 (1 +y+2z-2x) 92/3 + (l—x)e3
8 1 1 1 -.0709 (x +y*+z-2) 05

9 0 2/3 2/3 .1119 27XyzK(y+tz-1)

10 1 1/2 1)2 .1499 16 xyyzz(x+y+z-1)

. 1 2/3 0 2/3 1119 27XyZK(x+z-1)

» 12 12 1 1/2 .1499 16xxyzz(x+y+z-1)

N 13 2/3 2/3 0 1119 27XFIK(x+y-~1)

14 1/2 172 1 .1499 16 x xyyz(x+y+tz-1)

15 1/3 1/3 1/3 1112 K(1-x-y+2z) K(1 -y -z+ 2x)

\ K(1 - x-2z+2y)K(2-x-y-2)

) K(s) = s ((s) X=1-x :

- 92=(x+y+z-1) (2-x-y=-2) y=1-y !‘,_,4
Y r.-.\-‘_‘\
7 S
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CONJUGATE GRADIENT METHOD

4.31

This method is used for the Poisson equation solution (4.20,

4.44) where X = ¢ (potential) which can have 10,000 or more
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discussion of this method.
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4,32 ICCG, THE INCOMPLETE CHOLESKY CONJUGATE GRADIENT METHOD ff:;:;
Y.

ICCG is used to solve the charging equations (4.50, 5.70), where .’&\5:

X = !5, surface voltages. Components of !S generally number 1000 SEE;:

or less. This allows the entire problem to be kept in the machine O,

(5.73.2). 1ICCG will find series of approximate inverses for M finding 3

s -

X as e
X=¥Wld. R
~ £ ~ _.:_.‘ SN

It is iterative, but iterates on :fl as well as X. A more complete Zﬁflﬁ

description will be found here in future revisions. Reference:
Kershaw, D. (1978), "The Incomplete Cholesky-Conjugate Gradient Method
for the lterative Solution of Systems of Linear Equations," Journal of
Computational Physics, 26, p. 43.
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4.4-1

4.40 SPACE CHARGE AND CURRENT COMPUTATION

This section describes the numerical techniques such as
integration, that are used to effect the models described in Chapter
3. In some cases, the computational requirements are satisfied by the
top-down structuring of simple subroutines. In these cases, the
Chapter 4 discussion is deferred to Chapter 5 to avoid repetition.

4.41 WEAK FIELD IONS, PRESHEATH AND WAKE

This model, presented in Section 3.30, will be elaborated upon
here in future revisions. The reader is currently referred to Section
5'61.
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4.4-2
4.42 THE POLAR SHEATH MODEL (TECHNICAL)

Section 3.60 contains a general discussion of the POLAR sheath
model. This section is not designed to be a complete discussion, but
to fill in the technical details of the model.

4.42.1 ION SHEATH EDGE ALGORITHM (SHEATH)

The SHEATH routine takes as input a sheath edge potential, PMIN,
and the eight vertex potentials of a single cubic element, P(2,2,2).
It determines whether the sheath potential contour passes through the
specified element and if it does it generates a number of triangles,
NPART, with areas W(I) and center X(3,I) which approximates the
equipotential surface.

The sheath location proceeds by finding any edges whose vertex
potentials bracket the sheath potential. If none do, NPART is set to
zero and control returns to the calling program. For the cases of
three intersections a single triangle is constructed from the
intersection points with the area calculated by the TRiangle AREA
routine. For four or five edge intersections the centroid of the
intersection points is found and triangles constructed using adjacent
intersection points and the centroid. Thus for four edge
intersections, four triangles are formed. SHEATH then would return
NPART = 4 and the center coordinates of each of the four triangles.

4.42.2 ION CURRENTS TO THE SHEATH SURFACE

We calculate the current density to the sheath edge by assuming
it to be a perfectly absorbing spherical surface in a flowing plasma.
We assume that the potential around the sphere is spherically
symmetric and attracts ions. We utilize the coordinate systems
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4.4.3
indicated in Figure 3.42/1 below (shown twice to reduce cluttering).

Figure 4.42/1.

and introduce the following definitions:

4“: zk:

R
s, 8

sphere radius
satellite velocity

P

P,

potential energy of ion gt r

n

unit vector at position r on sphere where normal
current density is to be calculated

unit vector in final dirgction Sat r= ) mapped>by

particles launched f;om r = (a,n) with velocity v

5
plane determined by n and Vo

-V Y o A

e NN
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4.4-4

> >
angle between n and V0

polar angle of particle for (n =w, nf)

angle between x-z plane and orbital plane

fo(vo) = (2% VT) lexp -(v0 - Vo) /2vT
m = i0ONn mass
2 = kT/m

T
For a particle moving in a central potential the conserved quantities

are (e =m=1):

% v2 + ¢(a) = % vi =t Energy

L = vasine Angular Momentum

] Azimuth

> > >
The normal current density j(r) at a point r = (a,n) on the sphere

is given by

> > > 3>
j.(v.n) fo(vo) d~v

- - ’
j = J(a,n)

-3/2
2 1,,2 2y, 2
(2n VT) exp 5 (V0 - 2Vov0 cosy * Vo)/vT

X v3 cose sine dv de d¢
where

COSye = COSg cose_ - sink sine, cosé

> 2
1_%sin29+M
r

. dr
em(vo,e) = a sma{:f

-1/2
Lo

Performing the ¢ integration, which can be done analytically, and

using energy conservation,

AN et .
TP AN AT N - -~

N T ey I N N
O LS S T AR DI A A A AR SR S NI
E AN TN AL "y _A\-‘\_A\_A}A N AN ‘4\4‘)."1.\“‘\153 Al A\':.l..‘g..?ll:\ ARAS ket \‘A‘:&‘:}’:\{\.-\{\ !

LYY
LA

Lo
“LLL

;

kr

E?w

o0
-}

g

e A

YA ALy

A M
LA,

?W?}
¥
o

w |
Ve

-{'.:3’
e
Pl P

h Y

LA
B ﬁr":

S 5,
NN

L ]
4y

LR AN

"'.’_ 2

i
»
|
]

e W R 4

n

"‘.I 4

-0y 8 8y &
)

; :"/‘

vh WSS

SN, 23
»
p)
Y Aiia

*,
2"
.
4,
..’

RN
b2 4
4+ ¢

o

» ‘.'.f"‘ . »
Y

. R
&

oy
r'n'/.
VAN

R T
. “
w4y
4 l’l"i‘~l
e

LA
A

o T

YR
« e }.’l’l 4
Y .“v o
g _9 4 2 ¥

AR
Ll Ll

Yelee

«
Py
.

F a2 F 5 v ¥
o ls
-

18
M

YA

.
e,

&

.
.

Iy
‘1. .
"* .'
A

[
GA NN

. .
[y

]
3
i1

S
PV
14 A

el 0

AR

e
t{’t/
N
FRA

N



4.4-5
. 2 =312 . 2 -v§/2v$
j= (Zuv.r) f vo(vo - 2¢(a)) e F(vo) dv0
0
e . (v.)
max" o -V V cosE coseS/v$ -Vg/2v$
F(vo) = 2% e e
0
vV singsine
. I0 c 0 Vi s) sinp cose de
VT

where I0 is the modified Bessel function of zero order.

For numerical calculations we define t = x/3.75 and approximate
I0 by

I(x) = 1 + 3.5156229t% + 3.0899424t% + 1.2067492t8

8 10 12

+ .2659732t° + .0360768t + .0045813t t e

¢ <1.6x 1077

for -3.75 < x < 3.75

x /27 1 (x) = 30894228 + .01328592 !
+ .00225319t™2 - .00157565¢ >
+ .00916281t™% - .02057706t™°
+ .02635537°% _ .01647633t™77
+ .00392377t78 + ¢

e <1,9x 107

for 3.75 < X < >

For an inverse square potential

Omax = n/2, and the change in polar angle can be found

analytically
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4.4-6
. . 2 2 1/2
O sine 77 sin'l ( sin"e - b ) : sinze _ b2 >0
(sinze - bz) 1-b
. 2 .2 \12
= Sine WH sinh"1 9——:—51%—3 ) : sin29 - b2 <0
(bz - sinze) 1-b

where

pode]l 1 (0cEcw)

E +|e(a)l
E = % vg
sinh'lx =4n x + x2 +1

Note for 1 - b2 << 1, 8, may be >2x, i.e., the particles may
execute a spiralling orbit. Accuracy may require that 8V, 88 not
produce large 86, .
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4.4-7

POLAR is currently using a temporary approximate model for
initial velocities that is described here. This model will be
replaced when the new model is ready. Initial velocities are
approximated by addlpg a plasma rest frame characteristic velocity to
the Mach velocity, Vi (spacecraft velocity norms]ized by the square
root of (kT/m).) The characteristic velocity, Vc’ is constructed by
first realizing that inside the sheath edge the density contribution
of a trajectory is simply a continuity calculation (convergence
effects come from the convergence of trajectories). Thus we estimate
{VCI by dividing the orbit-limited flux obtained for a totally
absorbing surface (Laframboise and Parker, ref. 4-4) by a simplified
form for the orbit-limited density (accurate in the low potential
limit),

VC-NO%(IW)/N_/; (./5+

N3

e )

ola-3)

where ®= eV/kT, and the ion acoustic speed YkT/m has been isolated
to indicate ;he usual POLAR velocity norga]ization. The direction
assigngd to VC is the normalized inward E field

VC=VC'E
In the absence of flow, this result is exactly the result that would
be obtained from the calculation of the velocity and density moments
of the orbit-limited distribution function.
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4.4-8
Our present (temporary) treatment of flow is more approximate.
-*
The initial sheath particle velocity, Vs’ is

> > > > >
VgV, 1f|(vM+vc)|-£>o

M
>
Vs a{ or
> I > > l >
Vc if (VM + Vc) «E<O

-5
where the conditional insures that Vs is always directed into the
sheath.

4.42.3 SHEATH PARTICLE ASSIGNMENT ;;3;}
. b, A

Each volume element of a problem is inspected for the presence Ei?:g

of the sheath edge equipotential as described in Section 4.42.1. Each ;ijij
triangular subsurface of the sheath is a potential sheath particle; o

._...
e s
i
'y

K

however, many times a portion of an equipotential is not really a
source of current. This is assumed to occur when there exists just
"outside" the sheath (in the anti E direction) a portion of the
object, or a high potential region of the opposite sign. Both of
these conditions are checked by calculating the iaward initial
velocity for the particle as per Section 4.42.2, reversing it, and
tracking the particle backwards through two volume elements. If no
"obstacles" are found, the particle is assigned a current or weight
and placed in a particle list. This list is later read and the
trajectories advanced as described in Sections 4.42.4 and 5.62.
Finally, the sheath currents and velocities are not calculated for
each particle but interpolated from a pre-calculated table of values.

e
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4.4-9
4.42.4 TRAJECTORY TRACKING

‘L,

Trajectory tracking can be an expensive endeavor, and a source

\;

¥ of unpredictable error. To combat these problems, POLAR uses two

L different methods to follow ion trajectories (presently, there is no

. tracking of electrons).

N

N The full step methog is used in empty elements that do not touch

‘: the object*yhere complex E fields are not anticipated. For these

’ elements, E at the cell center is used for the entire cell, and a

;: single step parabolic trajectory is calculated for the element. This N
» is accomplished by analyzing independently the three components of the X

% equation

: ekt Vit 3 RE Y (1)

for the shortest time, t, that a particle needs to reach an element

- face. Negative, imaginary and zero t's are, of course, rejected. A 7"#
,; number of special conditions may occur involving round-off errors and ;f;
3 the traversal of exceedingly small paths in the corner of elements. ;Ei
A The treatment of these problems are discussed in detail in Section ;:f
- 5.62.22. Following the choice of the shortest valid time, the '

; trajectory is advanced to another (or possibly the same) element face, ;\
é where its new total energZQis cheg}ed aginst 1}5 original value. The E:
2 new total energy is 1/2 mV~ + eV(x), where V(x) is the bilinear -
2 value calculated for the exit location on the exit face of the N jA
" element. The energy is renormalized by adjusting the magnitude of V :j
A without modifying its direction. SE
. R
; For volume elements that border the object, more complex E ]
ﬁ fields are anticipated so POLAR uses a slower, but more accurate,
_z step-push method where Eq. (1) is integrated using timesteps estimated

>
4
o

. e e mg e e , , . . . .
[i‘,,,,,',_-. IR N I SRR I NN A SRR R - T T S G S
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4.4-10

to be approximately 0.1 of the element traversal time. At each step,
£ is determined by analytically differentiating the trilinear
potential function (Section 4.20). The step-push method and the
routines that affect it are discussed in greater detail in Section
5.62.22.

POLAR's sliced grid system (Section 4.11) forces additional
computational considerations on the trajectory tracking because only a
small set of potentials are stored in core at any one time.
Potentials are paged in and out in slices at nodes of a constant 2z
value. As a result, trajectory tracking is controlled by a “pusher"
that sweeps back and forth in z, advancing all trajectories through
the space between z and z+1. Trajectories moving opposite the pusher
are written out to disk and picked up on the return pass (Section
5.62.22). Although this complicates the coding somewhat, there is
little loss in efficiency, and a bonus in that trapped orbits can be
simply controlled by limiting the passes of the pusher.

£

Magnetic field effects are also included in the POLAR ion

AN
I.".
o
‘!' “u
.

v
".f )

.-

trjectories. The techniques used to add g.effects were presented in M; R
the quarterly report of December 1983 (SSS-R-84-6486). Future manual E% N
revisions will have that discussion included both here and in Chapter Ebdﬁ
> R

oo
4.42.5 SHEATH ION DENSITIES “‘

RO

Once a sheath edge surface has been located and subdivided
(Section 4.42.1), the input current, J., calculated (Sectior 4.42.2)
and that current assigned to a representative particle, g, (Section
4.42.3), the particle trajectory is followed inward as described in
Section 4.42.4. lon densities, Ny, are determined in each cell by
observing that if each trajectory, j, represents a constant current
Jij = dqij/dt, each trajectory makes a contribution to the overall

element density of

........ LN
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-
e

Jij ot
ij ® element voTume

an

where at is the time required to cross the volume element. The
total density is just

ni =Z.An,ij .
J

N S PAANTTYy AL

L%

=

A

=

This has been dubbed the method of weighted deposition (Ref. 3-5). It
can be seen that acceleration effects and convergence effects are

|

accounted for by the at, and the zj respectively. zg;'
This method demands a large number of particles for good S
statistics and we have found that the three to six particles per
sheath volume element, chosen by the sheath edge algorithm (Section
4.42.1), work quite well. Problems in accuracy can still be
anticipated when there exists repulsive regions within a sheath, or
when the method is being incorrectly applied to an orbit-limited
problem where particles might numerically diffuse into allowed trapped
orbits. In this case repeated orbits would give erroneously high
densities. Even in strongly space charge-limited sheaths, unusual
geometry could lead to trapped orbits, so POLAR sets a user controlled
Timit on the number of front-to-back pushing sweeps (Section 4.42.4)
to control this problem.
N Finally, these sheath ion densities are known as RHOI's in POLAR
N and are calculated by the CURREN segment of NTERAK. The ultimate use
E; of these densities in the Poisson solution are discussed in Section
> 4.43.2.
:
.
3
»
X Ny
3 ¥
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4.4-12
4.43 CHARGE DENSITY

4.43.1 ELECTRONS

POLAR presently considers only negative potentials. Thus
electrons are repelled and are approximated by an isotropic Boltzmann
equilibrium distribution, i.e.,

>
Ne = Ny exp(eV(x)/kT) .

This approximation may be invalid near weakly repelling surfaces,
space potential barriers, and in magnetically insulated regions.

Other conditions may arise where the electron distribution will not be
isotropic and a Boltzmann distribution would not be justified. As
positive potentials are introduced, or as other conditions require, a
more elaborate electron model will be adopted.

4.43.2 ION CHARGE DENSITY

Ions are considered to be the attracted specie in POLAR. This,
plus an allowance for possibly high Mach numbers, means that ion
densities may not be determined by any local approximation. Thus ion
densities are currently determined by two methods: Weak field ions
(Section 4.41) known in the POLAR coding as GI's (geometric ions); and
sheath jon densities (Section 4.42) known in the coding as RHOI's.

GI's are determined at the onset of a calculation and remain
unchanged thereafter. The RHOI's are calculated whenever a CURREN
step (the sheath ion tracking process) is called for. Immediately
following a CURREN step, POLAR creates from these two data sets, an
ultimate ion density list, the DION's that are used in the Poisson
calculation. This is done by choosing RHOI's for elements inside the
sheath, and GI's for points outside. For elements containing a
portion of the sheath surface, the GI value is currently used instaad
of the RHOI.

i
ERCACAERS
e

A

I -
-----

T 9
(s
e Jh)

1
»

‘l . N N
)

:./:.’;"';#‘;f
et
» ,'- .

RN
s .l ‘I '- J
’ ]
7’

. t"- Iy -
.« et YL,
SN,



P '

Pt bal e b
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4.44 THE CHARGE STABILIZED POISSON ITERATION
The Poisson equation can be written dimensionlessly as
2 -2
=% = L™ (n; - n) (1)

where

2 2

2 2
=€, kT/N° eh” =2

6 = eV/KT, L 2

/h
is the dimensionless Debye length, N° is the ambient density, n, =
N./No, ne = Ne/No, and the Laplacian is also normalized by

h™. The calculation of n; and N is discussed in Section 4.43.

POLAR solves this equation on its discrete mesh of uniform spacing h,
using the finite element method described in Section 4.21.

The traditional approach to the solution of equation (1) has
been an explicit iteration of the form

<6 = 12 (6% - n (6% 1)] (2)

where v is the iteration index, and the charge density is determined
using the potentials of the previous iteration. This method can be
shown to be unstable (ref. 4-2) when the Debye length, i, becomes
small with respect to other scale lengths of the problem. This can be
understood by considering that a smooth potential variation over a
distance of, say, 1000 », would require a smooth Vzb (the 'second
derivative') which is in turn given everywhere by the charge density.
But, maintaining a smooth charge density distribution is difficult
whgn any errors in determining (ne - ni) are myltiplied by a huge

L ~. There is one effective remedy to this dilemma due to Parker
(ref. 4-2), but the process reported here appears to be more efficient
in the short Debye length limit. This method involves the combination
of two concepts. One uses a partial implicitization of the repelled
density (ne, here) (ref. 4-3). The other simply reduces the charge

density to an acceptable level whenever the first method is inadequate.
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Suppose a ptasma of ambient dgﬂsity No and tgpperature T
consists of BoltzT9nn e]ectrgps, Ne(r) = No exp(6(r)) and ions of
known density Ni(r) = No ni(r). The normalized charge density
is then given by

> v > ) > v >
a(r,e°(r)) = L [ni(r) - exp (8°(r))] (3)

Equation (3) may be linearized about the previcus potential iterate

a(8”) = q(6”™}) + g (e* ) * (¥ - ¢V

-+
where q' = 3q/3#, and the r dependence has been dropped for clarity.

With this expression we may write the implicit Poisson iteration scheme

v-1 1 1

2% - (6 h) * 0¥ = q(8h) - qr(ev ) * e (4)

Though it is not immediately obvious, the implicit character of
(4) makes it more stable than scheme (2). This can be understood by
realizing that in equation (3) the electron density was treated as an
independent variable, whereas in (4) the electron density is
determined simultaneously with the potential, both being consistent
with the ion density.

The finite element approximation (Section 4.21) to (4) produces
the matrix equation

Z (!(e) _ gl(e) V(e)) * éV =S - S—.(E) * ﬁ\)-—l (5)

~ ~ ~ ~ ~ o~

e ~ ~

where S is derived from g by the following analysis:

For L > 1, S is simply the total charge associated with each
node, q. However, for L << 1, numerical noise and features like a
sheath edge which may span only a few », become incorrectly amplified
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; g__.
A when the q determined at a point becomes multiplied by the entire ‘ E:E,‘:
2 nodal volume. When it is not possible to reduce the zone size, \ :::t;:::"
: stability can be preserved by replacing G (and Q') with a reduced :‘E:
value S (S') which is calculated to be the maximum ailowable charge f-"'"

for the element. Because of the artificial amplification argument, S ';:‘

§ is often the more realistic total for an element. Before deriving S, E-f.':;l.
" we define the barometric potential g =&n(n,) which is the :2:4
_ potential for which Q = 0 and note that it is important that S » Q as B
9> ob if quasineutral regions are to be modeled correctly. To :E.;
determine S, consider a capacitor with potential difference ::':j'.-\.j:
(8, - $), area h2, and a separation of h. The charge q_ on this E.:;'

capacitor is given by b

t:ohz N

. = CaV = g=— (8, - O)KT e

4 '!J' J"
In the units of our previous q, 9 becomes '::-:'_:-:_:

S

) RS

qM = u(bb - b) = a(bb e b) n::‘;:::\.:

'..A*A__‘

..»_\,1;,4

which is the maximum allowable charge per element, with the parameter .::.’:j:i

a, adjusted to insure that q,, is maximized. Thus at each node, we ;;:::'1'-:

R

choose for the charge RN

- -'.\-rf‘:-'
. L.
’ IS |=min (layl, | a ) s
: with KoK
~a for S = Oy et

A St = ESEh
\ = NSRS
3 - '.". “.
: L2 expp for S = q N
) AL
; RN
Actually, S and S' are smoothed in POLAR to decrease numerical &

noise and spatial potential oscillations. This involves forming the 7—”

R linear screening term e
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scangé(z- S'(B) +3')
i where Eﬁﬁt
! S =3 V(D) - s(e(I) e

l where I indexes the nodes of an element and V(I) is a nodal volume
! normalized by a cubic element volume of one; similarly for ¢. Also RSN
smoothed is the nodal charge Q(I),

Q1) = 5 (2 +S(8) + S(8(1))) .

Additionally, POLAR can output the value S(¢) as QUSD, the element
centered charge actually chosen by this algorithm.

Finally, the Q/I), and SCRN are used for S and §T(e) in Eq.

(5). W
| b
E The effect of this aigorithm is this: If a problem has been ﬁijij

LA

. specified where a boundary potential would be screened in less thin a SNy
: zone or two (the limit of any code's resolution), sufficient sheath A
' cnarge will be redistributed so as to allow the potential to be ET:n:
: screened over the minimum number of zones that are consistent with N
-' .l~‘.l_. J
N stability. AT
y 7
! The charge stabilization algorithm is effected by the ?35:}
: subroutine, QSELT, and QSCRN which are further describea in Section }:i XS
. -, Cy
. 5.50. Tests of this method are presented in Appendix C. ?.“i
: AET
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o 4.50 CHARGING MODEL Lose
4,51, CIRCUIT MODEL
';s
¢E POLAR's circuit model was introduced in Section 3.40. Here we
s describe the details of the time-integration of the basic charging
. equation, 3.40-1, repeated here.
‘.I
‘" d
o I(t) = C i V(t) - o V(t)
!
‘ﬁ where I is current, C capacitance, o conductance, and V is surface
e voltage. We first difference this equation, evaluating the
» conductance term at the advanced time (implicit) and the current at . )
< the retarded (explicit) time, Yy
\: ::'-‘;:1 3
3 (V(tp) - V() By
:’ E t — t -0 !(tz) = I(tl) f-‘:‘_,_:}‘_
2 1 -~ AR,
< \‘:-.‘:'.
Wt e
. ‘-.-,.-
'é, or o
NN
< c RO
- z A
b Tty o) T ) - M) = T(y) - e Uy S
: - - RN
¥ N
; Section 3.40 explored the difficulties associated with the i‘;f
explicit current dependence. The implicit approach replaces I(tl) PR
RS
with I(tz), approximated as S
R
. dl -
L(V(t,)) = I(V(t;)) * WL * (V(t,) - V(tp)) RS
a2
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Substituting, we get the implicit formulation AN
N

[

C (N
= dt Y
Y - = - :-f .1'::
~ ~ ~ h";'\:'.
Ly
(4.51-1) o
LX L
where At = t2 - tl. Foard
NN

DY
The dI/dV term stabilizes the problem by increasing the matrix ;:;124
entries on the diagonal. Physically, the al (surface=i)/aV (surface i) R0
will be non-positive since surfaces charge more slowly as the voltage T
decreases (becomes more negative). Currently, no surface to surface ;ﬁﬁi:
interactions are included so the current derivative matrix is diagonal. titf:
AT
Unfortunately, due to the complexity of the plasma interaction, {f“ff
the dI/dV in Eq. (4.51-1) is not trivial to evaluate; so we must use a fj:is
predictor-corrector type approach. We may omit the dI/dV term from té;hf
(4.51-1) to return to the explicit form, which may be solved for an ?:ﬁQ
estimate of V(tz). Anticipating the possible instability of the i'Ei
explicit form, the ay from t, to t, is limited by the input o

quantity DVLIM. With this new, albeit rough, estimate of !(tz) we
could run a complete Poisson current sequence to get a al estimate.
But, because of the expense of a complete Poisson current step, we
leave the ion currents constant (otherwise a particle pushing step
would be required), and obtain al from the electron current algorithms
alone (4.50). This will provide an estimate of al/aV sufficient to
solve (4.51-1) implicitly for V(tz).

To discuss the solution to Eq. (4.51-1), we abbreviate it as

=

. &V = R (4.51-2)

il

where M include the capacitance, conductance and dl/dV matrices. When
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the number of vector components is not too great (<1000), we have |
found the Incomplete Cholesky Conjugate Gradient (ICCG) method to be
an efficient means of solving (4.51-2) (see Section 4.30).
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Experience has shown that ICCG is most effective when M is
diagonal or nearly diagonal (diagonal elements >> off diagonal
elements). To see how n;may be improved, write (4.51-2) as

%

of ol
NGO
(T
» 0 1 ]

AN

(s Mpy ~— M)V = R (4.51-3)

v [l
PR
12, .‘v LY '\ “,

»

4 ./"-'-l' ﬁ'* "
A TAT 39

%

If surface 1 connects to infinity (conductor 0) and conductor C, and
we consider only the capacitance, we would have

,s*-*.\;-.v
' 'v’l
F ]

AN

ORI

« N
» .:, 1 .l .l R

(Y
A
4.

Y

¢

10 e 1c L"”'ﬁ
& -
- - K

M = - } and M. = - :-7:;
Cic ~Ceo | .

‘J;‘,'J-'J‘
Atal

RGO I

where C.. >> C;py Cope (That this is a legitimate example, see -

LS

the complete sample problem worked in Appendix A.) It is the off XN
diagonal entries of C1C that need to be removed. This is Lt
accomplished by transforming (4.51-3) to
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. A column transformation for each surface will "clean up" the upper
right triangle of 2, while producing a transformed potential vector
where surface potentials have been replaced by the potential
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difference between the surface and the underlying conductor. The
) Tower left triangle of M is diagonalized and symmetrized to the upper
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by similar row additions with corresponding transforms of R on the
right hand side. Currents (in R) to surfaces remain unchanged, but
currents to conductors are replaced as

Icnc-‘?ls

where the sum is over all surfaces connected by capacitance or
conductance to the main conductor, C; other conductors are treated as
surfaces and referenced to Cl. The o and V on the right hand side

are treated identically to s 2 and V on the left. Finally, the dI/dV
matrix is calculated for the transformed I and V guaranteeing that it
will be diagonal.

Anotheir feature of POLAR's charging model will change the
previous transformations. This happens when NTERAK recognizes that
the lowest estimate of the ion flux (ambient ram conditions including
shadowing) exceeds the greatest estimate of the primary energetic
electron flux, and the surface potential is near zero. Physically, if
kthe magnitude of the surface potential drops to near -k Te,coo]
(typically 1 volt) the flux of cool electrons will prevent the surface
from charging positive. These millivolt sensitivities are difficult
to follow in a code that is concerned with kilovolt charging. Thus,
such a surface will be spotted (this is currently implemented) and
have its potential fixed at -k Te,coo] for the upcoming charge cycle.

This will also occur when a presently nonexistent routine in
NTERAK will recognize the requirgg conditions for a surface's
potential to be controlled by a E . "= 0 condition on the surface.
This may occur when a secondary or photoelectron space charge density
becomes large enough to form a small barrier to the low energy portion
of the emitted spectrum. Such a surface will be flagged and get its
potential floated in the Poisson solution according to the E . n =20

condition, while being held fixed during the circuit solution.
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4,5-5
This fixing is not compatable with the ! transformation, so
POLAR is forced to solve the circuit model with the original
equations. Accuracy does not suffer, but ICCG will require more time
for the same level of convergence.

Other conditions will also arise that will require a surface
cell to be held at a fixed potential.
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AL
4,52 ELECTRON CURRENTS, PRIMARY, SECONDARY ::'.:,-..";:
R
'y
The POLAR electron environment is described in Sections 3.15 and 6
3.31. This section explains the integration procedures used to obtain Efé:é:
the net electron currents to a surface due to primary, secondary, and 3.:“:‘:
backscatter electrons. Further information concerning the code A
mechanics and subroutine relations can be found in Section 5.70. Cbes
" ‘.:I;f
4.52.1 SECONDARY ELECTRONS -, R
The secondary electron yield coefficients used in this section ",—.ﬂ.
(4.52.3, 4.52.4, 4.52.5) are calculated using the proven techniques 1:322_‘.
and theories developed for NASCAP. The reader is currently referred ':Z:(’,-
to Reference 4-1 for a description of these methods. ;;‘;.
' ]
R
4.,52.2 BACKSCATTER ELECTRONS ;'.
See Section 4.52.1. ‘.w
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4.5-7
4.52.3 INTEGRAL OF THE MAXWELLIAN DISTRIBUTION

The current JM of electrons of charge q to a surface at
voltage V due to the Maxwellian portion of the spectrum is given by

%/2

2x
Iy = -J%:-z— f d¢ / sine cose de g(E, y (6,8))
0 0

(kT) x

*J/r K dk exp[-(qV + K)/kT]
L

L = max{-qV, 0)

The lower kinetic energy limit L is chosen to exclude orbits
that cannot energetically connect to infinity. The function g is a
function of the pitch angle ¢ (see Section 3.31) and total particle
energy E. We are concerned here with the integral over kinetic
energies, so the angle integrals will be performed assuming g to be a
constant function of value unity, so as to give the correct current
for an isotropic flux.

The flux of electron generated secondary and backscatter
electrons is obtained by adding a yield function Y(K,$,e) to the above
integrals (Section 3.33). POLAR presently replaces Y with an angle
averaged Y(K) for the isotropic case. Thus

-]

Ius = af e‘qV”‘Tf kK e Xk vy (k) . &
(kT) i

where the primary current J, is obtained by setting Y = 1.
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R For arbitrary 7; the integral must be performed numerically. It
> is also desirable to divide up the spectrum in a manner that covers
3 the larger fluxes at low energies without ignoring the high energy
AN tail of the Maxwellian spectrum., A logarithmic spacing is
accomplished by the substitution
o
1Y K = =kT Inx . .
P, NN,
-~ Thus we have A
~ p
-’: (‘:J‘:J’
ﬁ,‘ Xu :‘:‘_‘.:f
- JMS = gF f Y(K(x)) Tnx dx o
X x1
. -L/kT . L.
- where xu = e , and x1 = 0. Since Inx is singular at x = 0, the
s

P lower 1imit is set to x1 = 0.01 * xu and the omitted portion of the
) spectrum approximated by x1 * In(x). The summation is performed using
o Simpson's rule and 20 points,

= J T T on Jo '9}
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4.5-9
4.52.4 INTEGRAL OF THE POWER LAW DISTRIBUTION

The discussions of angular dependence in the flux integral given
in Section 3.31 and 4.52.3 also apply here, so we will limit this
treatment to the energy integral

KU _
(A) = aq/ Y(k) . (K + qu)~{e*D) ¢ gk
KL

where J is current, Y is secondary or backscatter yield, K is kinetic
energy, a is a constant (a = »xA for isotropy), q is charge, and V is
surface potential. For the limits we choose

v
ol b Y .‘.‘u .

KL = MAX (0, EL - qV) o
KU = MAX (EU, EU - qV) N
N
where EL is a physical cutoff (default = 100 eV) and EU is imposed ::_:{\
OGRS
sufficiently high as to avoid significant error (default = L7
T
AN
RO
The first step is the transformation :f;;
e
X =K+ qv ’ :."'

which gives

XU _

J - aqf Y(K(X)) . X~ - qv x~(e*1)7 gx
XL

where XL = max(qV, EL) and XU = max(EU + gV, EU).

3y

Since a can be. as large as 3.0, this spectrum is strongly peaked ii;i:z
towards lower energies, which implies that a nonuniform spacing of %i;%
integration points is desirable. This is easily accomplished by the A

substitutions, isifii

233
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b X = y'”("'l), for the first term, and
bt e
: x = 27 ®, for the second term s
: I
. of the previous integral, which leads directly to .»
[
| N
N yu _ u NN
3 « N ’;.'
| J = aq E%T/ Ydy+%f Ydz| . RN
LA NE Ny
1 2 _ RO
l-a . , oS
A where yl = x17 7, etc. Notice that these choices produce ced
- AN
. integration weights of value unity. The numerical integration is done _\_:-3-:
. A
’ over 20 points spaced evenly in y and z. These transformations are :.;252
i very strongly biased towards the lower energies thus the upper cutoff *._._.»_,.:
'.: was chosen quite high (1 x 1_99 eV) to force good coverage of =
‘ intermediate energies where Y might be peaked. o
- NN
' A method with variable bias was also investigated. This L3
. utilized for Eq. (A), the substitution ;:;Z:Ef:;_
- e
: K=x1/8_5s _:f'l:::frf-
£
RS
\._\ _.\
K = - 1 x'(lﬂls) dx = w(x) dx NS
B \:\:;.
A
This method has the ability to adjust the bias with g, and center the e
; integration points about an energy related to S. This method is I:Ejffi;?:
. inherently slower due to the calculation of the weights w(x), and _ E:l;j;l;:
appeared to offer no great advantage over the previous method. It is 'jf':‘:':
not presently used by POLAR, but remains an option, ) -7 E
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4.52.5 INTEGRATION OF GAUSSIAN DISTRIBUTION ELECTRONS
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This treatment is limited to the energy integral of the Gaussian
electron distribution. The angular dependence has been integrated
assuming isotropy as discussed in Section 3.31 and 4.52.3. From
Section 3.31, the integral of interest is
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As in the previous Sections 4.52.1 and 4.52.2, the inclusion of
the angle averaged yield function Y(K) will make J the current of
backscatter or secondary electrons (see Section 3.33); with the
omission of Y, J becomes the incoming primary flux.
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This integral is performed numeri<ally by an 8 point Hermit
integration scheme (Ref: Handbook of Mathematical Functions, U. S.
Dept. of Commerce, National Bureau of Standards, Applied Math Series L# -
No. 55, pp. 924, 1964). PR

AR NN A
3
14

g
;‘if'li'v

SN

o

The weights and absissa are: NN

X; w(xi)

1,5 +0.38119 6.61147 x 10 RO
2,6 +1.15719 2.07802 x 10
3,7 +1,98166 1.7078 x 10
2,8 +2.93064 1.99604 x 10
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3 Equation (4.52.3-A) can thus be approximated by .
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JS as given by B has the undesirable property of being
discontinuous with respect to K due to the® function. This
feature can be removed by calculating J with the same scheme (omitting
f}. J will be discontinuous at exactly the same values of K as

JS. We can then form a smooth J; as
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4.53 ION SURFACE CURRENTS

For the attracted ion currents, POLAR tracks particles from a
sheath surface to an object surface. Experience has shown that if
surface currents are simply accumulated from incident particles, fhe
currents are noisy and lead to non-physical charging behavior.
Numerous reasons exist for this noise: tracking errors, potential
field irregularities, too few trajectories, etc. While these problems
have all been studied, it remains desirable to have a smoothing
algorithm for the i- . surface currents.

The ion currents to be smoothed are derived from the "dead-list"

of particles produced from the particle pushing module CURREN (4.40).
This decd-1ist contains the particle's weight, final position, final
velocity, and initial energy and the surface the particle landed on.
To speed up the surface current calculation and to reduce noise, the
dead-1ist is condensed to the SRFC list, ordered by surface number.
The particle weights are added since they represent the ion current.
The particle weights are also used to weight the averages of spatial
and energy information. An average position on the cell, angle of
incidence, and particle energy are calculated as follows:

where W is the weight (current contribution) of particle k, N is
the number of particles striking the surface, and Xi is the ith
component of the position vector. The average velocity and energy are

found similarly.
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4,5-15
The adopted smoothing algorithm is a two-step process wherein
the raw surface currents are distributed to nodes, and then re-
distributed back to surfaces. This simple algorithm is illustrated in
Figure 4.53/1, Given an averaged particle at the point P, on surface
a, its current is shared in a bilinear fashion to the vertices (nodes)
of the surface, producing a node current Ii‘

Figure 4.53/1,

Since two different types of surface occur, triangles and
rectangles, two different methods are used. For triangles, the
bilinear weight of a corner is area of the triangle opposite the
corner over the total surface area (see Figure 4.53/2).

Wb = area a
sa area of triangle ABC
A
i |29) Hl
_ [(X<C) x (B-C)
Wbsa' > > > >
| (A-C) x (B-C) |
a where w . is the bilinear weight, X is

¢ B the particle position, and s and a refer
to surface and node.

Figure 4.53/2. Bilinear weighting of triangular surfaces
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4.5-16 A

For rectangular surfaces, the particle position divides the N
rectangle into four smaller rectangles. Then the weight is found by
dividing the area of the opposite small rectangle by the area of the has1

surface (see Figure 4.53/3). ;&;q

C

vl “’.‘.

AP,
s .
A LA, &, 2,
&

area of a 0

'bsa ® area of ABCD T

CANAAN

v h

i

A B »

.
Lot
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Figure 4.53/3. Bilinear weight (wbsa) of a rectangular surface.
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Thus we have for Figure 4,53/1
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where the a indicates that this is a current increment. The complete

Ii is never formed.
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The next step is to share the node current back to the N
surfaces. We may derive a simple sharing formula by forming a nodal o

current density, AJi, as
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AJi = AIi/Ai
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where Ai is the area associated with node 1;
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Ay = Z Aj/nj
j=1
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where the Aj are areas of the m surface cells adjoining node i, and

L2

n; is the number of vertices of each adjoining surface cell. A, !

is bounded by the dashed line in Figure 4.53/1. R
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The AJi is redistributed to surfaces adjoining node i in
proportion to the area each contributed to ine node area. Thus,
surface b would receive a final surface current increment AIb,

A
b
Al, = — Ad
b Ny i
Finally, we may combine the three previous equations into a node
to surface weight factor WS35 Thus the final surface current,
AIb, is obtained from the intermediate node current AIi as

AIb = WSy AIb

An
b'b
wsib = _m__——

i
A./n,
J/ J
j=1
This process is performed for each surface adjoining the i nodes
of surface a. The final smoothed surface currents are accumulated as
this overall process is repeated for all the surfaces of the object.

An important feature of this algorithm is that a uniform flux to
an irreqular object will produce surface currents exactly proportional
to the surface areas as would be expected. To see this, consider the
quasisphere of Figure 4.53/1. This object has three types of
surfaces, with areas S, R, and T; and only one type of node. A
uniform flux of particles, if tracked accurately, will produce uniform
node currents. Summing wij * Ii around the vertices of a surface,
we see that the resulting surface current will be proportional to the
surface area, and inversely proportional to the factor in the
denominator of the expression for wsij, which is constant for our
example. The wsij are properly normalized. This can be easily seen

in our example by summing the WS ; around a node;
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3=l

= 1.0

since the indices k and j range over the same surfaces.

At our present stage of development, we are simply dividing and
redistributing the node currents according to the relative areas of
adjacent cell, but provisions have been made for a more comprehensive
treatment. For example, spatial and electrical information could be
used to avoid non-physical sharing of surface currents; such as
redistributing ion currents to a surface with a large positive
potential, or around corners.
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5. POLAR CODE STRUCTURE el

R

A

This chapter is designed to provide insight into the internal o
workings of POLAR. Whenever possible, actual subroutine names and PO
SN

variable names will be used. NN
N
.P:‘i\i' ,

5.10 TOP DOWN VIEW b
rE

PN

P

POLAR is actually five s* 'ilone programs that communicate :I;:?
through a minimum number of fil This approach allows a high degree f;;;;'
of flexibility in model building while minimizing the amount of [
unnecessary computing. These programs are VEHICL, ORIENT, NTERAK, ﬁf}f}
SHONTL, and PLOTTR. Their functions are described below. Whenever f:&j&
-’,‘-"' e
scratch files are used, they are assigned and disposed of ékﬁj}'
automatically. In general, only two files are needed to allow hﬂ:qi

communication between the four modules.

VEHICL is the object definition program. It utilizes much of ﬁ}ﬁ{’

the user-oriented object definition procedures developed at S-CUBED {{;ﬁQ‘
for NASCAP. With VEHICL, one uses a variety of basic building blocks :&2&}
to define the vehicle to be modeled on a variable sized 3-D grid. One E;SE{
also defines all of the surface properties and underlying conductors. e
VEHICL then completes the vehicle electrical model and creates a &3;1;-
number of "connectivity tables to accelerate NTERAK execution. This Eﬁ;i?
Y

b3
“A.
Ia

information is written on two files, 11. and 19., which carry this
information to the other modules.

ORIENT is the attitude control program. User input is simply
the dominant plasma flow direction viewed from the vehicle. I[f
necessary, ORIENT will rotate the vehicle and object grid so as to
keep the wake direction predominantly in the +Z direction. ORIENT
will also restructure most of file 11 so that it will have the correct
sliceability. The restructured file 11. contents will either be
copied back to file 11., or output to a new file 11S, where S
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represents a user-supplied suffix. A set of six 11S files would
catalog all of the possible coordinate orientations, and allow for all
Mach vectors.

NTERAK is the biggie that actually calculates the vehicle-plasma
interaction. The internal workings and I/0 are the subject of most of
this document, but it should be emphasized that once a Mach vector has
been defined, the extended computational grid will be "burned" into
the 11S file. The 11S maintains a complete restart-continue
capability, but a fresh file must be used if the Mach vector is to be
changed. '

SHONTL is the machine independent plotting package. It is
designed to be run semi-interactively. By this we mean that plotting
directives are entered by a "keyword" input system that function in
both batch and interactive environments, but nothing is plotted until
the session is concluded and PLOTTR is executed. This somewhat
cumbersome procedure is necessary to maintain the machine independence
of SHONTL. SHONTL can be used after any of the previous three modules
to graphically check the work progress at any given stage. SHONTL
reads from file 11, and communicates with PLOTTR through file 2.
PLOTTR is the machine-dependent plotread package that reads the
generic pen-move and vector commands written on file 2 by SHONTL, and
translates these commands to the local graphics package.
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5.13 NTERAK

The program NTERAK is the heart and brain of POLAR. It contains
all of the physical models and computational techniques described in
the previous chapters. The purpose of this section is to outline the
structure of NTERAK. Further descriptions of the functional content
of the more important routines can be found in the indicated
sections. For clarity, utility routines: have been omitted from the
following chart:

Level 1
NTERAK: Main executive routine
Calls INPUT
SPACE
PWASON
Level 2
INPUT: Controls the keyword input of options and
parameters (6.40) and opens files 9 and 11 (5.30).
SPACE: Set up the computational grid (5.20).
Calls MRBUFF.
PWASON: Control of the Poisson iteration and tests for

convergence (4.21.5).
Calls IONDEN
Calls CONGRD
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Level 3 3§ii£§'
R
MRBUFF : Initializes the vector properties that effect their .
paging from core to disk.
IONDEN: Controls the calculation of the ion densities
(3.20, 4.40).
CONGRD: Performs the conjugate gradient calculation and

tests CGM convergence (4.21.1).
Calls COPROD

URSETO
loop on COPROD
PUTDAT
RUPDAT
UUPDAT
Level 4
COPROD: Called first to calculate M . ¢ to estimate initial
residuals, r (4.21.1) and to calculate the linear
screening for the Poisson iteration (4.46).
Loop calls calculate M . U
Calls BUFCLR
BUFSET GRID
PAGER XYGRID
CURCEL ZBNDRY
VERTIO YBNDRY
ELEMNT XBNDRY
DCVCEL GETSCR
FORFIL PCUBES
BACFIL ECUBES
URSETO: Calculate r . r and initialize u (4.21.1).
PUPDAT: P equation.
RUPDAT: r equation.
UUPDAT: Ju equation.
e AN N S W N N T T e T e L N R S N A e oy
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Those level 5 routines, called by COPROD that are important to

understand are discussed in 5.20 on the displaced grid system.
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5.2-1
5.20 SLICE GRID SYSTEM

The displaced slice grid system is designed to provide the
computational space in which to solve Poisson's equation for the
shuttle orbiter, including a wake extending many spacecraft lengths.
Hence the grid must continue for an arbitrary length in the plasma
flow direction,

To facilitate this, the grid is composed of a variable number of
XY slices, stacked along the Z axis, rather like a loaf of sliced
bread. Figure 5.20/1 illustrates a displaced grid system along with a
number of important parameters. Objects are defined on a rectangular
NXOB x NYOB x NZ0B grid (5.11, 6.20). In all cases, the object grid
will have been rotated by ORIENT such that the dominant component of
the plasma flow vector VMACH is oriented along the +Z direction. As
shown in the figure, the grid follows VMACH by stepping *1 unit in the
X and Y direction every 1DELX and 1DELY mesh units along the Z
direction (the +1 step follows the sign of 1DELX or 1DELY). These
step intervals are calculated in the routine N.SPACE according to the
relation (FORTRAN)

IDELX = VMACH(Z)/VMACH(X) * 0.5
(y) (y)

where the + follows the sign of VMACH(X). Since IDELX is an integer,
the 0.5 centers the velocity ratio between integral increments.

The computational grid must enclose the object grid with a
minimal amount of wasted space. To accomplish this, the routine SPACE
references the two grids at the point shown in Figure 5.20/1, then
calculates the NXGRTH(NYGRTH) necessary to fit the grids together.
When the user anticipates the need for additional work space, the
INPUT parameters NXADON and NYADON can increase the X-Y grids without
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Figure 5.20/1. A X-Z cut of a typical NTERAK computational mesh
showing the object definition grid and the computed
(NXGRTH, IDELX) and user-specified (NXADON, NZADON,
NZTAIL) grid parameters.
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[ requiring a redefinition of the object space. The GRTH and ADON ‘:'}:z'
parameters are included into the final NX x NY dimensions. :‘,;;':'I_-;i
* The computational space is characterized by the following ‘CE:::&:
» parameters: E’E}E.':i
R
WEAES
NX0B,NYOB,NZOB = The real node dimension of the D -,,;-'j
object grid along the X, Y, and Z

directions. X

NX = NXOB + NXGRTH + 2 x NXADON

= the real node dimension of a slice gft_-.-‘i
along the X direction, RN
NY = NYOB + NYGRTH + 2 x NYADON R
NZ - NZOB*NZTAIL + NZADON St
, -
The NZADON and NZTAIL are also inputs to NTERAK and are R
currently limited to total a Z node count of 100. This limit could be -;’. "

extended indefinitely subject to available disk storage and budget :

limitations. This last feature is the intended result of NTERAK's
data management system. This system allows models to be constructed p ::3_
primarily on disk with the computer "core" used to perform arithmetic E::::.:E::
on small volumes of space. Tt
!’ .. o

e

S
N
AR
RN




~

N Ate oo gte Sia St g in s %

o

T A
kA
LR

ALY
0’4(‘:’.3'

5.2-4

ol

"y
>

5.21 SLICE MACHINERY

[
‘._\v

s

The grid machinery consists of routines designed to move or page

grid information between disk and core. In both media, information Eig,s
for each of the vectors ('p', ‘r', 'u’, etc. (4.21.1) are called tz:g:
vectors even though they are scalars at a particular grid point) ngs
involved in a calculation is organized into individual one-dimensional k.

arrays corresponding to each X-Y slice. :p;f

NTERAK distinguishes between two types of nodes, real and
virtual. At real nodes a problem's variables are truely variables.

Virtual nodes exist as the outer boundary of the problem, where values EQiE;
are generated according to the boundary conditions. There may be one iifzf
or two virtual nodes beyond the edge of a slice (see Figure 5.20/1) ;E:{:
depending on the proximity of a step. Only real nodes are paged in 5&’4
and out. Each vector slice has a real node length NX x NY with the 5&23
assumed convention that the X coordinate varies the fastest. ggif
NN

In order to relate the slices to one another and perform Fzé;;
arithmetic with minimal confusion, it is necessary to adopt a standard {?Q?i
coordinate system. There are two possible choices; object and slice éz;ﬁf
coordinates. We have chosen object coordinates as the primary system, ::=:3
but slice coordinates are sometimes required by lower level routines. BT
Object coordinates reference the "least" real node of the object grid ﬁEﬁEﬁ
as (1,1,1) (see Figure 5.20/1). By "least" we mean the node for which E:;g
NX x NY x (Z-1) + NX x (Y-1) + X is a minimum. Thus the least real vl
node object coordinates of some slices may be less than zero, while ?7;:
the slice coordinates of the least node will be (1,1,ZSLICE) where . 1$f§§
ZSLICE numbers from 1 to NZ. The relationship of the slices to each EE;?

other is written in the common block MESHY by the routine GRID. This
block contains the object coordinates of the least real node of each
slice. For further detail concerning subroutines and common blocks
see Appendices A and B.
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NTERAK's grid machinery exchanges information between disk and a ' ;
- special common block called CBUF. The core location of CBUF is such ,’.:Ej.;sj
' that its addresses are the highest of all other data and :‘“"'
P instructions. On many machines this allows the CBUF length to be :3‘2
: extended or reduced dynamically during execution to precisely match E",'EE
‘ storage requirements. The allocation and addressing of data space in ‘3::
! . CBUF is controlled by three routines (see Section 5.30), MRBUFF, b
| BUFCLR, and BUFSET. MRBUFF is called only once from the level 2 }_’
" routine SPACE and initializes the array VPROPS which contains all of ":_.»
the individual vector properties that affect the vector's handling ;;;:
storage requirement in CBUF and on disk. N

o RO
E Subsequently, any computational process requiring vector slice :‘
3 transfers to/from disk will first call BUFCLR. BUFCLR clears the o]
: ADDRES common block which contains the CBUF addresses, releases any L,\
»” dynamical requested core, and resets other storage control variables. \',.
g - R
¢ The next step is to call the routine BUFSET, passing it a list -_
" of up to four vector names and the number of slices that will be :-J_,,-
; needed in core. BUFSET will assign each vector a region in CBUF, and :_,E,
* list this addresse in the common ADDRES. BUFSET may be called ._E'.t:r
Y repeatedly for a total of 12 vectors. For example, in an operation ;'.'.*.'
: requiring three slices of 'R', 'R' would be assigned the address L*.f:
X sequence; A, B, C, A, B, C, A, B, ... , for all 1-NZ slices. The ;Z'_:'-}'f
\ actual transfers are effected by PAGER, which can read, write, or :
read-write slices. Suppose that 2, 3 and 4 were in core starting at A5

3 the CBUF address B, C and A, respectively. If PAGER were called to h‘?
.: read-write 'R', for slices 3-5, 'R' slice 2 at B would be written on :;I;j.'
.: disk, and slice 5 would be read into CBUF at B. The R slices 3 and 4 E:_“
‘ would remain untouched. ;_:!
N o
4 o
3 B
2 L
4
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Some other routines that are commonly used with this grid
1 machinery should be mentioned. One is XYGRID, which looks in the
MESHY common block and returns the X and Y limits of a slice in object
coordinates. The others are XBNDRY, YBNDRY, and ZBNDRY. These
3 routines will take an element index (equal to the least index of its
eight nodes) and determine which of the element's eight nodes are real
or virtual (boundary nodes). This information is kept in the array
MBXYZ(8). To form an element on the staggering grid, VERTIO is called
{ to pick four nodes from each of the two bordering slices totaling
eight vertices. Individual words of a vector at a node are located in
CBUF by the statement function CBUFAD (Appendix B).

In retrieving these words, the MBXYZ array is consulted to
determine if a node is virtual. If so, the boundary value (currently
zero) will be used for that node.

The routine GETSCR is a cousin to VERTIO. It will 'GET' or
'REP' the element centered quantities 'GI' or 'SCRN'. 'GI' is the
name given to the normalized ion densities (3.20, 4.41), and 'SCRN'
refers to screening factors (4.43).

For further details concerning the function or use of this
machinery, the individual subroutine description in Chapter 100 should
be consulted. In addition, the subroutine COPROD uses all of this
machinery and may be consulted for an example.
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5.22 VOLUME ELEMENT MACHINERY

To illustrate NTERAK's volume element machinery we will describe
its use by the subroutine COPROD. COPROD's function is to generate
the Q . g product and U * M * U inner product (4.30). Once slice
information has been acces;ed and resides in core (5.21), COPROD must
calculate residuals, element by element, and return the vector so
calculated back to the disk in slices. These operations are complex
and require fairly elaborate machinery. We begin by offering a brief
overview.

COPROD begins by reading in the relevant slice information,
establishing a section of the computational space in core. This
volume is swept, element by element. Each element is characterized by
the coordinates of its lowest indexed vertex. The potentials, and
other vector information, for each of the eight vertices of a
particular element are extracted from the main /CUBF/ array by
VERTIO. VERTIO also replaces or augments array entries with
calculated vertex information.

The potentials at the boundary of the computational space are
assumed to be fixed and known (presently set to zero). Hence they are
not stored explicitly in CBUF. Instead, COPROD examines each vertex
of each volume element and determines if any be an implicit boundary.
Those that do are fixed at the boundary potential. VERTIO (5.21,
Appendix B) takes the X-Y displacement of the slices into account in
picking out the vertices. Having set the potentials at the vertices
of a particular element with VERTIO, COPROD calls ELEMNT to look up
its characteristics in the list 'LTBL'. LTBL is an array with an
entry for each element in the object grid, 'LTBL'. LTBL is an array
with an entry for each element in the object grid, containing the
following bit coded information (5.23): the element type, the number
of surface cells sharing one or more nodes with the element (NCELLS),
the element orientation, and the top/bottom flag.
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The number of surface cells (NCELLS) sharing nodes with the
element is used to refer to a second list, LCEL. If NCELLS is
non-zero, DCVCEL is called to decode the next (NCELLS + 1) entries in
the LCEL (5.25) list. The first word of this group will be an element
I.D. number used merely as a check. The remaining words are also bit
coded with: the surface cell number, the NODCOD telling which nodes
are shared with the surface, and the FCN number (4.21) telling which
element face, if any, the surface occupies.

If a vertex or node is shared by a surface cell, its potential
is replaced with the surface potential for that cell, stored in the
array SVRFV, sequentially by cell number. In the same way the
contribution to the residual derived from the shared vertex is
returned to the list SVRFR rather than the residual vector. Hence the
surface potentialsd play the part of additional grid points, or
variables in the matrix conjugate gradient equations. If a vertex is
shared by more than one surface cell, the adjoining cell potentials
are averaged by FORFIL (4.21) and assigned temporarily to the vertex.
Once the vertice potentials have been collected, the residuals (4.30)
are calculated by either PCUBES or ECUBES (4.20, Appendix B) and
shared back to surface cells SRFR entry.
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5.23 ELEMENT TABLE, LTBL

RAFASE 1

The element table, LTBL, is a list with one entry for every
element in the grid. An element's LTBL entry can be accessed by
calculating its relative address as if it were a 3-D array LTBL
(X,Y,Z) where the Z range starts with the first slice in core (5.21).
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E 31098/[765432109((876543|10]
! D C B A —
st
" where: O
A - The element-type number. 0520
i B - The number of surface cells sharing nodes with the element -f‘iz
: (up to 15) (NCELLS). B
: C - The orientation of the cell. This is only significant for "_:_'I:’
. partially filled cells and is explained in Reference 5-1. ‘»\:
i D - Top/Bottom flag for elements above or below a thin plate. f‘*""‘
4 D =1- bottom o
¢ =2 - top i
t = 3 - both top and bottom, type 5 Ej-_l-
N
j
5 The following element types are allowed: AN
: =
vtf Type Number Bits Description Z:_»._'-'
i 0 000 Empty cube i::'
1 001 Half-empty wedge
4 2 010 Cube with diagonal on one face
E 3 011 Tetrahedron
4 100 Truncated cube
. 5 101 Empty cell bisected by a
tl diagonal thin plate f-f;z
) 6 110 Unused '
7 111 Filled cube .
These volume elements are described in 4,21, ‘:
S
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5.24 SURFACE CELLS
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5.24.1 SURFACE CELL LIST, KSURF

One of the lists produced by VEHICL and stored on file 11 (see
Chapter 5.30 on file 11) is the surface cell list, KSURF, This list
consists of bit packed word pairs for each surface cell. The
information content is explained below, and the bit coding convention
is illustrated in Figure 5.24/1. The bit ordering notation used here
assigns each bit the exponent of 2 required to move an integer 1 to
that location by multiplication.

COND Conductor number, 1 to 15.

NORM

highest set for minus, off for plus.

XI,YI,Z1 Lowest coordinates of the volume element with which

X0,Y0,20 the surface cell is associated (the element that
XI,Y1,71 the cell normal points in to).

MAT = Material number, assigned by order of definition.

B = Set for all right-triangular surface cells
(100,0-10, etc.) and for all equilateral (111}

triangles whose enclosing volume element is mostly

empty.

H = Orientation code for right-triangle surface cells.
The two bits define the location of the
right-angled corner in the plane of the triangle,
i, J. The greatest bit refers to j. The j and i
are related t~ the normal direction as follows:

NORM i d
(00+1) = 2 X Y
X Y Z
Y z X

Volume element that the surface normal points out
of.

X0,Y0,20

T8 1 - bottom surface of a thin plate
2 - top

0 - N/A

Surface normal in Miller indices, two bits for each
index. The lowest bit representing 1 or 0, and the
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5.2-13
The KSURF list is written on file 11 by either subroutine

V.RESURF or 0.RESURF. Prior to output it is 'Z' ordered to produce
sliceability in the chosen orientation. It is written on 11 in a
series of records with each record containing all the word pairs with
a given ZI coordinate. These records are indexed by the NWSURF(2)
list in record 1 of file 11. For each ZI of the object grid there is
a NWSURF entry set equal to the number of KSURF words in the record
for that ZI. If an NWSURF entry is zero, ther corresponding null 2C
record of KSURF is skipped.
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B_II_ KSURF!I,N! KSURF(ZIN!
0
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2
COND MAT
3
4
5 .
6 o
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Figure 5.24/1. KSURF surface cell list bit code. v
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5.25 LCEL, CONNECTIVITY

The LCEL list is used in the potential solving segment to :;ﬁqf
L2
connect node point to surface cells (4.20, 5.22). This is a bit jE;:;_
packed 1ist with the following structure: ﬁ:?:g‘
ELT # DAY
» .
CODED WORD alal
CPDED WORD e
ELT #

The ELT # is a coded element identifier,

ELT#= 4096 x (I + 64 * J + 4096 * K)
which serves as a check for correct addressing in the list.
Addressing is accomplished by accumulating the NCELLS word count from
the element table LTBL (5.22, 5.23).

The coded words are bit packed as follows:

B B B . . . . el . B - B B N . N . . . - . A o D L - - ".--‘
h ‘- PR P e e T T LT el e e e e T el e Ve TS e -\_,.' LT T e - y -
P N T A S, S T A N R A L R R D LWL SR L GO S e
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3 ..3101987|654321098765432[([109(8 76543210

D C 8 A
where: .
A - Bits 0-7 are set if the corresponding vertex is shared y
with the surface cell. The vertices are numbered with X -
changing faster than Y which changes faster than Z, e.g., "
for element 1, 1, 1 g
Coordinates ."?f
Number X Y 1 o
1 1 1 1 oty
2 2 1 1
3 1 2 1
4 2 2 1
5 1 1 2
6 2 1 2 Ix
7 1 2 2 Do
8 2 2 2 .g;;
B - Is the standard orientation surface node number (see 4.21) -
that the surface will have when forming the element into i
which this surface points.
C - Is the surface number.
D - Is a code for surfaces that are on the top or bottom of a

thin plate (4.21.1).
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5.30 FILE SYSTEM

One of the most outstanding features of POLAR is its file
management system. This system, combined with the sliced grid system
(5.20) allows POLAR to model variably large 3-D problems (20,000 grid
points is common), with fewer than 100,000 words of core. The modules
VEHICL, ORIENT, NTERAK, and SHONTL communicate through the mass
storage files 11 and 19 (see 5.31). Internal to each module, other
files of differing types are used as scratch files. VEHICL uses the
NASCAP object definition coding and thus a variety of NASCAP files are
used initially in VEHICL as scratch files. This document will
ultimately describe these files, but the reader is presently referred
to Reference 1. Two files (11 and 19) are used instead of just one, so
that one may be indexed with literal name keys (19), and the other
(11), with number type index keys.
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5.3-2 R
5.31 MASS STORAGE FILE MANAGEMENT i;
s
Data stored on the permanent file 11 and 19, and the scratch %;
file 9 and 10, is written and retrieved using the CDC MSIO system ::
(mass-storage-input—output). On non-CDC machines, the MSIO routines :ﬁ:
OPENMS, WRITMS, READMS, and CLOSMS are provided by POLAR FORTRAN ;f
routines which mimic the COC versions to provide a machine independent i:
interface to the host system. We now describe these four routines as ﬁ{
they are used in POLAR. Ezj
z;:z:
OPENMS : —
Example:  DIMENSION IND (NUM) i
CALL OPENMS (LUN, IND, NUM, t) 3
LUN - The logical unit number of the file. Eig
IND - Space provided for a working copy of the file index. -
NUM - Length (words) of IND §§;
t - type of index iﬁ%}
= 0, number type index f&f
= 1, name type index >:;;
To index XR records, a t = 0 file requires NUM > XR + 1; o

for t = 1, NUM > 2*XR + 1,
READMS : _—
Example:  DIMENSION BUFR(1000) o
CALL READMS (LUN, BUFR(100),NKDS,KEY) =
LUN - Logical unit number ay
BUFR(100) - Starting address to which data is to be read o
NWDS - Number of words to be read -
KEY - The index key under which the data record was stored. Eﬁ
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5.30 FILE SYSTEM
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One of the most outstanding features of POLAR is its file Lig
management system. This system, combined with the sliced grid system f:::
(5.20) allows POLAR to model variably large 3-D problems (20,000 grid isxﬁ
points is common), with fewer than 100,000 words of core. The modules Sgsg
VEHICL, ORIENT, NTERAK, and SHONTL communicate through the mass iiif
storage files 11 and 19 (see 5.31). Internal to each module, other ii;&
files of differing types are used as scratch files. VEHICL uses the :§;§;
NASCAP object definition coding and thus a variety of NASCAP files are ;;:;
used initially in VEHICL as scratch files. This document will N

N ultimately describe these files, but the reader is presently referred
: to Reference 1. Two files (11 and 19) are used instead of just one, so
that one may be indexed with literal name keys (19), and the other
(11), with number type index keys.
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5.31 MASS STORAGE FILE MANAGEMENT

Data stored on the permanent file 11 and 19, and the scratch
file 9 and 10, is written and retrieved using the CDC MSIO system
(mass-storage-~input-output). On non-CDC machines, the MSIO routines
OPENMS, WRITMS, READMS, and CLOSMS are provided by POLAR FORTRAN
routines which mimic the CDC versions to provide a machine independent
interface to the host system. We now describe these four routines as
they are used in POLAR.

OPENMS:
Example:

LUN -
IND -
NUM -
t -

READMS:
Example:

LUN -
BUFR(100) -
NWDS -

KEY -

RPN N R
AR A R

Ve s
AP LA W,

DIMENSION IND (NUM)
CALL OPENMS (LUN, IND, NUM, t)
The logical unit number of the file.
Space provided for a working copy of the file index.
Length (words) of IND
type of index
= 0, number type index
= 1, name type index
To index XR records, a t = 0 file requires NUM > XR + 1;
for t = 1, NUM > 2*XR + 1.

DIMENSION BUFR(1000)

CALL READMS (LUN, BUFR(100),NKDS,KEY)

Logical unit number

Starting address to which data is to be read

Number of words to be read

The index key under which the data record was stored.
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WRITMS:
Example:

CLOSMS:
Example:

CALL WRITMS (LUN,BUFR,NWDS,KEY,r)

LUN, NWDS, and KEY are as for READMS; data is read from
BUFR. r = -1, always for POLAR., This specifies that a
record may be overwritten only if the new record length
does not exceed the old length. When this occurs, a new
record is written and a link stored in the old location.

CALL CLOSMS (LUN)

This routine writes the working index from core to the
file copy. It is called frequently to maintain an up to
date file copy of the index to protect data against
unexpected crashes and stops.
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5.32 MRBUF PLUS BUFSET PLUS FRIENDS “f':'-':.

.‘_'-‘_‘.'_

AR

To enhance the efficiency of both the execution and development S s

of POLAR, a formalized system of variable characterization and :}:Eﬁ&

| identification is used. This begins with the array VPROPS(20,70) R
y wherein 20 different properties of 70 different variables are l:f'-ii
' initialized by MRBUF. To set up a work space for a variable (or a 33" f
X slice of a variable) in the general purpose buffer CBUF, a call is E*;i;;
made to BUFSET using the literal name of a variable (5.33). BUFSET RN
will move the vector properties from VPROPS to a working array Ef&j;;

(1AVECS(20,1)) and the index I will be written into the MELAD common y
i block in the variable pseudonym. For example ;}f?ij
; CALL BUFSET(5, 'POT', ...) e

would result in space for five Z slices of potential to be allocated
in CBUF with all essential information stored in IAVECS (20,IPOT) with
IPOT being found in the MELAD common block.

re

A
-3
1.;

-~

g S
The IAVECS properties are listed below, with a V indicating a PR
non-variable property that is placed in VPROPS by MRBUF. !_: ;
S

v IAVECS(1,1) = Name s
IAVECS(2,1) = Start address in CBUF SN
IAVECS(3,1) = Number of slices §§q5;=
IAVECS(4,1) = Vector length of a slice RN
IAVECS(5,1) = Words per vector NN
wele

WPt

(The number of words in a slice is IAVECS(4,I) * TAVECS(5,1).) AR
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IAVECS(6,1)
IAVECS(7,1)

IAVECS(8,1)

IAVECS(9,1)

IAVECS(10,1)
IAVECS(11,I)

IAVECS(12,I) =

IAVECS(13,1)

IAVECS(14,1) =

IAVECS(15,1) =
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5.3-5

Mass storage file number

Low pointer (shifted slice coordinates), see
property 14 and Section 5.21

and

High pointer used by the data paging routine
PAGER

Lower (object coordinates, 5.21)

and

Upper object limits, inclusive

Starting key number for the number key files.

X dimension of a slice

Type of slice or vector. Choices are:
'"VARI' - variable length (example, LCEL)
'SNGL' ~ single slice (example, SRFV)
'WORK' - work space

'OTHR* - other (FOTO)

1 - object slice (LTBLO

2 - real grid (POT)

3 - outer virtual node (LCOF)

4 - virtual element grid (DION)

Shift added to slice coordinates to prevent
FORTRAN MOD function of negative or zero
slice coordinates

Y dimension of slce
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R A

e d i o

Lower Z limit of the variable range

IAVECS(16,I) =

v

V¥ ¥ A
hr-h-r.-..--\W

Pointer to relate node data to auxilliary
node data (necessary for double points

created by thin plates)

IAVECS(17,1) =

‘—I-I-

-.-

Word type, 'REAL', 'INIT' (integer), 'OCTL',

IAVECS(18,1) =

v
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5.33 MRBUF VARIABLE LIST

NAME
LTBL
KSURF
SRFR
SRFV
LCEL
POT
61
SCRN
MU

R

DD

U
RHOI
GE
LTYP

LCOF
SRFV
SRFY
VMAP
RHS
JT0T
JSM
vMC

IFIX

RMAT

DESCRIPTION (See Section)
Element table
Surface cell list
Surface residual list
Surface voltage list
Surface to node connectivity list

Node potentials

Neutral ion densities

Linearlized screening term

Product of matrix M dot U

Node residuals )

Unused

Congugate gradient error vector

Sheath ion densities

Average element electric field

Element location with respect to sheath,
Also a calculation saver used by CURREN.
Table to provide direct addressing to the
LCEL 1ist by element address

Surface V list

Surface Y list

Velocity space map, work space

Right hand side of charging equation
Total surface current list for insulators
and conductor list

Small surface currents for insulators and
conductor list

Voltage vector used to construct RHS
(voltage minus conductor)

List indicating surfaces with fixed voltages

in insulator plus conduct list form
The capacitance matrix portion of charging
equation

P A I‘I‘-‘-‘ !
L A

M 'L."V\'i

L8y
a. ll



NLST
LIST

MRKR
AMAT
voT

SCRT
CLRG

CSML.

JPRM

SGMA
TSRY
SREL

SRFC

SRFI
TKSR
SRIA
ASRF
JFIX
VXB

SRDT
EXTV

JTSR
JSMS
SPAC
IMAT

s AT

L e L e
.‘f._’\:,-.',x’\l\ Yo

~~~~~~~

.................

5.3-8
A list of insulating surfaces
Defines element location ICCG packed sparse
matrix
Marks the starts of new rows in LIST
A work space used for calculating RMAT
Change in voltage portion of charging
equations (the answer found by ICCG)
Scratch vectors
Vector list of large capacitances of
insulating surfaces
Vector list of small capacitances to
insulating surfaces and conductors
List per surface of derijvative of total
current by surface voltage
Conductivity matrix including grid size
Trial surface voltage list
List of pointers per surface into the LCEL
Tist
Weighted sums of particles which impacted on
object during CURREN
List of surface ion currents
Sets CBUF space to hold all KSURFs at once
Estimate of ambient ion surface current
A1T1 of KSURF in CBUF, unsliced
Similar to IFIX only for each surface cell
V cross B voltage bias for each insulating

surface YO
RARS
Keeps the voltage of fixed surfaces Qf?::
Surface voltages found during first trial }éﬂ&f
step ;.\
Total current to each surface o
Total of "small" currents to each surface o
. - Pl -
Work space "
Material type of each surface f}“
WA
"
S
LA
o
f_'."
LN




ICND
SFAR
oLov
DION
FOTO

SUMM

QusD
AXGI
AXDI
AXSC
AXQU
AXRI
LAUX
PSGM

oLJT

OLSV

Aol A Sang S taTh vl gt e p0a i mn d e iute i g 0 et Bty R G 3 ® ae i Ay et e T

(8]
v
(Vo)
)
4

Conductor number of each surface

N o
AN

Area of each surface
Voltage from previous charge step

A

Composite ion density array -,';
N

Memory of past charge information (not Cjif:',
N,

implemented yet) o
A

Code history information, summary
information from previous PWASON, CURREN and
CHARGE cycles (not implemented yet)
Stabilized charge density array

. .. .'I v‘l'-" - .-'.. [
LY .

Auxiliary GI values

Auxiliary DION values

Auxiliary SCRN values

Auxiliary QUSD values

Auxiliary RHOI values

Coordinate list for auliliary values

Pre sigma (conductance) calculated by VEHICL
and DRIENT. Does not include grid size.
Previous CHARGE cycle total surface currents
from first trial step

Surface voltages used to find OLJT
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5.6-1
5.60 ION DENSITIES

The calculation of ion charge densities is performed in two
major segments. Before any electric field information is available
the straight line thermal ion density is calculated everywhere in the
grid. When potentials have been calculated, the sheath edge is found
and particles are tracked from the sheath edge to the object. The
algorithms for these two calculations are described in the following
sections.

5.61 PRESHEATH IONS

The presheath ion density calculation consists of determining

the function g(x,%) and described in Section 3.2. This function has
| value unity whe; particles can reach point x from angle 2 without
hitting the vehicle, and it has value zero when the particles are
prevented from reaching X because they are blocked by the object. The
major routine in this section of the code is GEMFAC for geometrical
] factor, and the results used by NTERAK are GI's for geometrical ions.
The GI's are element centered and defined as

S ST . T e T

BI(1,d,K) = = fg(x,Q) ﬁio(r,v)vz dv d
0 ~
j
: For calculation of these geometrical factors we work in a polar
L coordinate system whose # = 0, ¢ = 0 ray points into the oncoming
ions. In this system, the function fio is azimuthally symmetric and
the integral is reduced to
GI(I,d,K) = z ; fle;) E g(ei,bi)abi 46,
P bi
)
l
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where the function f(e) is normalized so that 5.6-2

:E: :E: f(eﬂ AeiA¢i= 1

This function is calculated in FCAL. The calculations are done on a
uniform grid with a default resolution of 1° in e and 10° in 6. The
greater resolution in the polar angle e is necessary since f changes
so rapidly as we move away from the ram direction. The geometrical
factor is calculated by taking the building block surfaces (A2's from
HIDCEL) and projecting them onto the e, ¢ plane. Regions inside of
each surface are then marked as excluded. The major source of error
is the interpolation between vertices in e, ¢ space, since the
straight line edges in Cartesian space are not straight lines in e, ¢
space. To improve accuracy, ADVERT adds extra vertices in the middle
of edges for each A2 surface. The number of vertices per edge is
controlled by NADD, and has default value of 2. The calculations to
determine the points inside the surfaces are usually done in STICK
(for STICK a one into the GEM array). However, the cases of the ram
or anti-ram directions being excluded must be treated separately. The
poles in the e, ¢ space are singular points and are handled in STKUP
and STKDN for the € = 0 and e = n poles, respectively.

GEMFAC is called for each surface by NEUDEN (for neutral
approximation density) which also performs the angle summations. The
principle advantage of this geometrical technique is speed, the tens
of millions of g(e,p) needed for the densities at each grid point can
be calculated in just a few minutes of computer time. A few
representative plots of ram, regular and anti-ram polar angle
projections are shown in Figures 5.61/1-5.61/3.
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5.62 SHEATH IONS 2:}

The space charge density of ions internal to the sheath .

boundary, and currents of ions to the vehicle surface must be 2 :

o

determined by particle tracking. The concepts involved were discussed A

in Section 3.30 and 4.42. This section documents the coding L

responsible for these calculations, but a brief overview is in order. E,:,

e

External to the sheath, electric fields are weak enough to allow , ?ij

for accurate estimates of the ion flux to any portion of the sheath S

surface, including ram effects. Presuming a previous Poisson o

IROAY

calculation, the sheath is currently defined to be an equipotential e

near the ambient plasma temperature (this is an input parameter). i:g.

Once the sheath is located, it is divided into subareas. These §S§S

subareas subsequently become 'particles' which represent flux tubes of
constant current, rather than constant charge. This current, referred
to as current weights, is the subarea times the input flux density of e
ions (Section 4.42) to the subarea. The actual particle tracking is ?;;?
done per siice (4.11) with the particle 'pusher' sweeping the grid
alternately in the +Z (called right) and -Z (left) direction.
Trajectories evolve in the X and Y coordinate directions until they
exit a slice whereupon the trajectory information is stored. The ;“1”

trajectory is picked up in the next slice or the return pass of the
pusher. Ultimately, they leave the problem or more commonly, hit a
surface and are moved to a 'dead-particle' list, and are later
processed into surface currents.

Sl
Lo !

'.l:l o. ;
el
.' L]

vy

Throughout all of this pushing, the time a particle spends in a

[ A
L
»

'y A

volume element is multiplied by its current to determine the space
charge contribution to the element.
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: 5.6-7 ;:
N 5.62.10  SHEATH EDGE S
, The routine STHCAL finds the sheath boundary, divides it into ;&E;
E "particles", and then writes sliced 1ists of particles onto file 10. S&:ﬁ
D The boundary potential was calculated by a routine called FNDBND. Sﬁ%;
| Currently, FNDBND finds the boundary potential by asking the user to .
3 supply it. Later, this routine will calculate a potential.
- Once the boundary potential is known, STHCAL loops through all

of the elements, calling SHEATH to check each element to see if it —
§ contains the sheath potential. If part of a boundary passes through a Ejsjé
:Z cell, it divides the boundary surface into triangular particles. The :ﬁ:&:
- particles are defined by their area (in grid lengths squared) and the ;&;j;
A location of their centroid. .
& s
. Sometimes SHEATH finds particles which cannot exist. For N

example, in large objects some of the nodes within the object will 'jzﬁ;
. have potentials of zero. If the surface potential is higher than the ;::f
; sheath potential, SHEATH will think it found part of the sheath B
3 boundary and define some particles. It is also possible to find
y particles which would have had to come from a non-source region.
p These particles are eliminated by backtracking to see if there is a —-
f surface or a high potential region which would have blocked the
- particle.
[ Once all the particles in a z-slice (4.11) are defined, they are
ﬁ written into file 10 with their area, the location of their centroid,
E and their initial velocity. Presently, the initial velocity is

defined to be zero. Then the particle lists are stored in a linked
list data structure (5.62.11) in chunks of 100 or fewer particles.
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5.6-8
5.62.11 THE PARTICLE LIST STRUCTURE

The particle list is kept in a linked list data structure. An
array in the common block /LNKCOM/ contains either -1 or the key of a
particle list. The key is key number of the particle list in file 10
as it is used by the MSIO package.

To find the key of the first particle list of a certain z-slice,
the /LNKCOM/ array LKPART(i) (LKSCUR(i) for surface currents) is
indexed by the z-coordinate of the slice (4.11, 4.12). The rest of
particle lists for a given z-coordinate are indexed by the first word
from the preceding list. This is the MSIQO key of the next slice.

When a particle list does not have another list following it, the key
it holds is a -1. The negative one is a flag signalling the end of a
linked list,

For example, if our problem had a z-coordinate which varied from
0 to 6 and 200 particles in z-slice 0, 730 particles in slice 3 and
1300 particles in slice 4, file 10 would be similar to table
5.62.11/1. Since the order in which the particles were stored affects
the actual contents of the table, there are a number of possible

arrangements,

In the table, 230 particles of the z = 3 slice are in file 10 at
key 1 and 500 are at key 5. Since next key is -1 for key 5, we know
there are no more particles in this slice.

As particles are moved to other slices, space opens up in the
middle of the file (keys 3, 4 and 8 in the example). To conserve
space and to keep the file packed, the emptied keys are also linked.
So when a new particle 1ist needs to be stored on file 10, an emptied
key will be used if there are any available. The key of the first
empty location is stored in the variable 10LOKY.
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To store the surface currents, another array LKSCUR(i) is used ' ;'r_‘.;'r_.‘_f;

. to hold the key of the first particle list for each z-slice. The SRSy

. linked lists allow the surface currents to use the empty spaces left :.;:‘;__
al o

N by the particle list used by the sheath particle tracking section, .j&- ,

N N > Fad

e which helps keep the file packed. ROV
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:: 5.62.12 PARTICLE PUSHING UNITS

It is convenient to define special units for the trajectory
calculations. The time is in units of the ion acoustic period, the
distance is in grid lengths, the velocities are in Mach velocities,
and the acceleration is unitless. The quantities are defined by

EERCA A LY N .

v. (ion acoustic speed)

.
§ t(grid) = t(sec) * rgg Tength Tn meters)
: x(grid) = x(meters)/h(grid length in meters)
3 v(grid) = v(meters/sec)/vs(ion acoustic speed)
; Ev(electric field in volts

a(grid)

QE = T, (Ton temperature in volts]

where the ion acoustic speed is

kT o
Ve = ‘ci— k-Boltzman, T K, m - kg.

NOFAFE ) WRARSRISEMRT LY
L 4

After MOVPAR moves the particle, it increments RHOI (space
current) by the current of the particie times the time it was in the

oA R

cell,
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5.6-12
5.62.20 SHEATH CURRENT

The routine CURREN controls the process of finding the sheath
current (see Figure 5.62.20/1). CURREN calls the initialization and
exit routines CURPEP and CUEXIT, respectively, and it pushes the
particles alternately to the right (+Z) then left (-Z) until all of
the particles have left the grid or hit the object. The variable,
NPRTCL, is the number of particles left which have not been pushed
to completion,

Figure 5.62.20/1. Structure diagram of the subroutine CURREN.
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5.6"13
5.62,21 CURPEP (CURRENT PREPARER)

Called by CURREN, CURPEP initializes the particle counters,
opens file 10 and initializes it (5.62.11), clears CBUF with a call
to the routine BUFCLR, and calls STHCAL to find the initial set of
particles.

Once the initial particle lists are calculated, CURPEP resets
CBUF for PUSHER with calls to BUFCLR and BUFSET. Then the force
table (QE), the extended element table (LTYP), and the sheath ~
current table (RHOI) are initialized to complete the routine. To
speed up the calculations in XITCEL (5.62.22), the force table (QE)
contains the acceleration. The acceleration is equal to the
negative trilinear electric field divided by the temperature in \
volts. The units of the acceleration are grid units (see 5.62.12). e
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5.6-14
5.62.22 PUSHER (PARTICLE PUSHING)

This routine pushes all the particles to the left or to the
right., PUSHER loops through all of the particles in each z-slice,
pushing particles until they leave that slice. The particles leaving
in the forward direction are pushed again in the next slice and so on
when a particle's path intersects an object face, the particle is
transferred to the surface current list (5.62-11) and counted as a
dead particle. Particles detected leaving the computational grid are
counted and removed from the problem (although their previous
trajectory information remains). A

The routine which PUSHER calls to push a particle through a cell
is named PUSH,

PUSH decides which of two pushing techniques to use to push a
particle out of its cell. PUSH checks the element table (5.23) to see
if the element is next to the object or in a partially filled cell
(both are labeled 'NEAR' in the LTYP table in CBUF). The routine
STPPSH moves particles which are 'NEAR' the object. 1If the particle
is not close to the object, PUSH calls XITCEL (exit cell) to find the
time the particle needs to exit the cell, and MOVER to move the
particle to its new location,

XITCEL solves the following six quadratic equations for the
time, tji’ required for the trajectory to be traced from an entry
coordinate Xoi to an exit coordinate in:

i=X, Y, 12

=X .tV

1 2
Xj1 = Xoi " Voityi * 7 QB by

j=+, -
where Voi is initial velocity. QEi is the acceleration calculated

from the electric field at the center of the element. The smallest
positive real tji is chosen as the time required by the particle to
leave the cell. See Section 5.62.12 for a discussion of the special

units used for the particle pushing.
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5.6-15
MOVER used the time found by XITCEL to find the new particle
location. First it calculates the new position and velocity using

1 2
Xi = Xbi + Vbit *y QEit

Vi = Vﬁi + QEit

P AT RN STy Y YN K Y.

Then it shifts the.particle position by one thousandth of the
velocity, moving forward along the exit axis, found by XITCEL, and
backwards along the other two. This is necessary because the
particle's cell number is referenced by taking the integer portion of
the particle position. If a particle stopped exactly on the top side

% LT

«

of element (i,j,k) as it moved downward, the address found by

sERSC S L

truncation would be (i,j,k*1). To prevent this form of faulty

. addressing, the particle is moved off of the cell boundaries. 3ts51
" EE
: Because the central electric field is used for the entire iii:;
i element, and the total energy may drift with each move, MOVER :?x:'
Si renormalizes the velocity vector to force the particle to conserve j‘_:
- energy. After MOVER pushes the particle out of the element, PUSH Zii“ﬂ
: increments the RHOI (space current density) by the time spent in the ﬁ:nf
! cell multiplied by the area of the particle.
:

A When the particle gets closer to the object, MOVER can no longer

; be used since the particle could strike an object surface before it ol
E left the cell. To push particles within a grid length of the g{h-
; spacecraft, PUSH calls STPPSH (step push). STPPSH checks to see if ﬁ:?ﬂ
3_ the particle is inside a filled portion of an element. If it is, the gi.

J routine finds which surface it passed through and returns to PUSH. If ‘

:' not, STPPSH calls STPPAR (step particle) which moves a particle for EH;_
; time t. Time t is the smaller of the time required for the particle :."'
:5. to free fall or move at a constant velocity a distance of one-~tenth of iff.-
% a grid length. N
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t = smaller of D/lV|. ‘/——ED—-

( E /o)

->
where E is the electric field at the particles position, e is the

plasma temperature and D is one-tenth of a grid length. When the time el
step has been computed, the particle is moved to Xi, (i = x,y,2) : ,
Pt

E. . e

1712 EOTA

Xi=Xoy *Voit vzt s

S,

‘\. - 2

<
i

vdi + (Ei/e)t

L) I' " .!’

After the particle is moved, STPPSH increments the RHOI (space
current density) by the current weight of the particle times the time
it was moved. Then checks to see if the particle left the cell by
counting how many of the element coordinates of the new position
differ from the old. If the particle did not leave the cell, energy
conservation is checked and the velocity is renormalized if there is
more than a +5 percent error. Then the particle is pushed again.

If the particle did leave the cell, energy conservation and the
number of element coordinates which have changed are checked. If the
number is greater than one or the energy is off, the particle is
backed up until only one element boundary is crossed and the energy is
right. The routine that does this is called MOVBAK (move back). It
is important to keep particles from crossing more than one boundary at
a time, since it is possible for particles to miss corners of objects.

MOVBAK backs up a particle by finding the average velocity of a
> > >

-
particle during the timestep (v = (vb + v)/2) then solving x =

R ave
X4 + Vavet for t on all of the sides of a cube. Using the "

smallest positive time it finds, it moves the particle from its ::NQQ
> -

original point to x'. ﬁi\i:
-y

A
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-
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> > >
x' = x, vv t .
) ave min
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5.6-17 s
MOVBAK then moves the particle off of the cell boundary by shifting
the position by 0.001 times the velocity in the same manner as MOVER

R
<,
'

did previously.

o

After calling MOVBAK, STPPSH checks energy conservation again.
After renormalizing the velocity, if necessary, and incrementing RHOI, A
the particle is checked to see if it hit a surface as it left the ;
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5.7-1
5.71 ION SURFACE CURRENTS

The ion surface currents are found in the list, SRFI. This list .

is created in the segment headed by the subroutine IONCUR from the
dead particle list (dead-list) created by the CURREN segment. The
upper structure of this segment is illustrated in Figure 5.71/1,

GETWGT SPREAD

Figure 5.71.1.

The creation of the SRFI list occurs in two main steps; step 1
reduces the dead-list to an intermediate SRFC list, and step 2
redistributes the surface currents among the surfaces. The
justification and computational techniques for these steps have been
discussed in Section 4.53.

Step 1 is controlled from IONCUR and performed by INICUR. The
dead-1ist can be very large with an order that is best described as
chronological. A particular surface will appear as often as it is
struck by a particle. To speed up the surface current calculation,
and to reduce the noise inherent to particle pushing, INICUR reads
through the dead-list sequentially and simultaneously accumulates in
the SRFC list the "average" particle (see 4.53) for each surface,
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5.7-2 N

This average particle has the sum of the contributing current weights E:%

with an average impact location, energy, and velocity. These averages i}g

are weighted by the current weights (4.53). ima

=

Step 2 is the redistribution or sharing of the “"raw" surface ETEE

currents in the SRFC list. This is done to further reduce the "noise" L

in the raw ion surface currents (4.53). Thus, IONCUR will next Toop F:ii

:g over the surfaces in SRFC and for each surface, S, call SPLATR to %33
:j calculate the bilinear weights, SPW (node), which are used to fi,
distribute the SRFC current to the vertices of the surface. These SO

node currents are to be shared back to all of the surfaces adjoining ;?i

tf each node. IONCUR loops over the surface vertices calling GETWGT to ':“
:f calculate the CRW (node, ns) where ns indexes neighboring surfaces :3
N (4.53). The surface-node-surface connectivity is provided by the LCEL A
< list (5.25). Since the LCEL list is designed to be read sequentially ;;;
and is ordered by slice and element, direct access to the needed :%i

section of LCEL is provided by an index list SREL (5.25). RN

Sa

<

~ After the CRW have been obtained for a node, SPREAD is called to Qgi
:i perform the summation; ;;i;
A SRFI (ns) = SRFI (ns) N
+ UNITS * CRW (node, ns) * SPW (NODE) * SRFC (S) :j:f

. A
:E where ns ranges over the neighboring surfaces including surface S. iif
% UNITS = ECHRG * DXMESHS * FNORMI, where ECHRG = 1.6 x 107> Coulombs o
. and DXMESH is the length of a mesh unit in meters. FNORMI is the A
:\ unperturbed Maxwellian flux density against which the current weights are \
A calibrated; ‘;zi
AW

3 e,
2 FNORMI = n,  YkT/2¢ m, iy
3: where, in MKS, n. is the ion density, k is Boltzmann's constant, T gzz

is temperature and m, is the ion mass.
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5.73 CHARGE (SURFACE CHARGING CONTROL) e

::'::-

CHARGE is the entry level routine into the surface charging R
section of POLAR (see Figure 5.73/1). It initializes the charge cycle )
by reading in the material properties and calculating the plasma to .

surface (routine MAKCSM) and surface to conductor (MAKCLG) _.M

. capacitances. -
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...\:-'.
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SURCHQ ('IMPLICIT) o
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AU

o

f__v'__-

s

Figure 5.73/1. Structure diagram of subroutine CHARGE. 5::-.

.‘..-{_:

After the initialization routines have been called, CHARGE o

calculates the explicit then implicit surface potentials. Presently, "«*t

CHARGE loops on the SURCHG sequence by the fixed input number, MAXITT; !:h.::‘

however, a convergence test will be placed in the location indicated :T'?:{'\'.

by the empty oval. Upon conclusion, the array SURFV contains the new ';:!

surface potential which is stored on file 19, -_Iﬁij

The computational theory for the charging section is agiscussed ;;}::1

in Section 4.50. o
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5.73.1 SURCHG (SURFACE CHARGER)

’l
L]
>

Cvwgy
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A A

H e SN

A
. '..:.
. .'- -.A ..‘ ‘.l '. ‘

SURCHG calls the routines needed to set up the equation to be
solved and finds the next set of surface voltages. SURCHG can solve
the charging equation in either the explicit form (Eq. (5.73-1-1)) or
the implicit form (Eq. (5.73.1-2)).
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A= T, - oV, (5.73.1-1)
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dI
- a@ aVy = I - oV, (5.73.1-2)
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Using a flag sent by CHARGE, SURCHG chooses which form of the charging
equation to solve (see Figure 5.73.1/1). When solving the implicit
charging equation (5.73.1-2), the SURCHG assumes an explicit solution
had been found previously.

>

o
A

L., .
R i'(-“"‘ RO
T T
. el .

“H S A -
LI L

’ !
NSNS A

Jalee
AL
PO RN D i Rt B B R

DA
N
(]

&
By
5

'y
gy 'z
i 1)
LSy ety fe

N RGN
) N /
4 [ XA

»

r
4 s
ey

"
.

P
L4,

v
P
’

.
]

/‘.jw x i
'1‘|

v, -3
Ar P
P Xk A4

.0 8} .
h Yo n)
N l.l

4 &

Figure 5.73.1/1. Structure diagram of the routine, SURCHG.
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K 5.7-5
SURCHG, called with an "explicit" flag, generates o(MAKSGM),

d =
V(t) (MAKV), and I(t) - g V(t)(MAKRHS), then calculates V(t+at)

explicitly. When an implicit flag is received, MAKDJ is called to ]
N calculate dI/dV. MAKDJ will call MAKJ which will recall the current j'z"::j
': routine (4.50, 5.70) for an estimate of I(t+at) using the explicit .-:..:\:
¥ N
S At this point, both charging equations can be treated the same :_','.'-;‘.
~ . Py
» way. The matrix, :-‘:
! .?;-:‘;
_ ¢ dI 7
: oW =
N ~ ~ rs
Y ~ ’._".
o
., is calculated by MATGEN (using dI/dV = 0 for the explicit case), -
setting up M for the ICCG call by SURVLT. SURVLT solves Eq. (5.73.1-3) Z-\Z',';'
{j B \"
N Ko
- MaV =R (5.73.1-3) BN
- where R is the vector found by MAKRHS and aV is the change in the '\.’,'
% surface potential. :&,..‘_{
2 Using the aV found by SURVLT, SURSET calculates the new surface 3:,'.:}":1
& potentials and saves them, completing the charging timestep. The -

following sections discuss the above routines in more detail. 1.:j-f:_'-.
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5.73.2 CHARGING MATRIX AND VECTOR FORMULATION

As discussed in Section 4.51, there are two cases which affect ERINRER
the charging equations, 5.73.1-1 and 5.73.1-2, depending on the .
occurrence or non-occurrence of fixed potential surfaces. When a
surface potential is fixed, the matrices and vectors of 5.73.1-2 are i;Q;:
constructed exactly as implied. If a surface has been fixed by CBRAIN
(called from SURCHG) SURCHG passes a flag, IFIXED, to the matrix and
vector routines (MATGEN, MAKRHS, MAKJ, MAKDP, MAKV) to construct the
more diagonalized matrices, g and s and the corresponding vectors V
and I. These transformations are discussed in 4.51, but they are ST

characterized by constructing !(t) from the potential difference ‘_; ;
between a surface and the underlying conductor instead of simply the fiii}
surface potential. The effect of this is to reduce the off-diagonal ?:}?:
3 R
elements and increase the diagonal elements of the amalgamated matrix SN
LG
M (Eq. (5.73.1-3)). ICCG likes this and will generally converge j*i&?
e
faster. ;:}?f
hOSONE
R
Since there can be as many as 1200 surfaces or so, it was Ry
ER AN
necessary to pack all the matrices in the problem (unpacked it could :i:ﬁ$§
be 1 million words/matrix). Since the matrices are mostly empty, just ﬁigf‘
saving the nonzero entries and their locations simplifies the problem 5ﬁ‘c‘
greatly. The entry locations are stored in a list (called 'LIST' in fgffi
MRBUF) with a second list ('MRKR') being used to indicate the location e
of rows in LIST. The entry locations are stored row by row with the fo%:
first entry for a row being the negative row number. For example, the ;%é'i'
nonzero locations in the following matrix “:Qf:
ooy
B
Ay
a 0 0 0 0 SO
0 b a e f AN
0 c e a d i
0 0 f d a N
L -
AR
PSR
RO
S
:i?f::
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- %

would appear in LIST as -1, -2, 3, -3, 2, 4, 5, -4, 2, 3, 55 3, 4
and MRKR would be 1, 2, 4, 8, 12, 10000 with the 10000 signalling the
end. Since the matrices always have nonzero diagonals, the -2 in LIST
means there is an entry at (2, 2). The 3 following it means (2,3) and
so on. For large problems this greatly reduces the data

requirements.
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5.7-8

MAKSGM (MAKE THE o MATRIX)
3

MAKSGM makes the o matrix by taking conductivity information
created by VEHICL and moving it to the right place in the appropriate
matrix form (see 5.72.2) for ICCG.

MAKV (MAKE THE VOLTAGE VECTOR)

MAKYV builds the voltage vector in the appropriate form (5.72.2)
using a surface voltage list and the conductor voltage common block.
The LAD number of the desired surface voltage list is passed as an
argument to this routine,

MAKRHS (MAKE THE RIGHT HAND SIDE)

MAKRHS makes the right hand side of the vector equation solved
by ICCG. The right hand side is equal to

RHS = 1

v A
~ ~

.

it a

This is done by first calling MAKJ to calculate the current vector.
Then MAKRHS finds the product of oV and subtracts it from the
current, The right hand side of I;E vector equation is the same for
both the explicit and implicit formulations so it only needs to be
called once for the explicit step. Then the implicit step will just
use the RHS found during the explicit calculation,
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5.7-9
MAKJ (MAKE THE CURRENT VECTORS)

This routine finds the current vector 1, in the appropriate form
(see 5.72.2), given a list of surfaces voltages. To find the
contributions to the current from the various sources, MAKJ calls the
routines which calculate the incident, secondary, and backsgattered
electron fluxes and the incident and secondary ion currents.

Two lists are created by MAKJ, one is the total current, I. The
other is the sum of the secondary currents, Ism‘ The secondaries
will be used in the future to locate surfaces which will need to be

fixed.
MAKDJ (MAKE THE dI/dv MATRIX)

MAKDJ is called before the solution of the implicit equation to
create the dlI/dV matrix. To find dl/dV, MAKDJ uses

_ (I(t+at) - I(t)
= Tv(tsat) = V(%)

The surface voltages at t+at were found during the explicit step. The
surface currents at t+at are found by calling MAKJ and giving it the
voltages calculated by the explicit step.

To correct for the explicit charging equations tendency to
overcharge, a limit is placed on the change in voltage. During the
keyword input phase, the variable 'DVLIM' is set and this is the
voltage change limit. Thus, for a surface i, Vi(t+At) can be written

Vi(t+At) = Vi(t) + AtVi

N A e e T e e A T e e e e e e
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5.7-10
where |aV.| is the lesser of the explicity change or DVLIM. The
limited voltage is then used to find the new surface current., The
limited surface voltages at t+at are also sent to MAKV to put in the
appropriate form (see 5.73.2).

Once l(t*At) and !(t*At) have been calculated, dI/dV is
calculated for each vector entry. If the value is not negative, dI/dV
is set equal to a zero for that vector entry. This is done to prevent
the destabilizing effect of a positive current derivative in an
element on the matrix diagonal (see 3.41). And since surface to
surface interactions are not being dealt with presently, there are
only diagonal elements in the dI/dV matrix.

MATGEN (MATRIX GENERATION)

MATGEN finds the sum of the matrices which multiply the voltage
vector, aV, solved for by ICCG. It performs the sum

di
T4

~

n=
n

>‘aln
(nd
+
il a

SURVLT (SURFACE VOLTAGE)

SURVLT recovers from storage on file 19, the M matrix and RHS
vector for use by ICCG. It also calls ICCG (4.32) which returns aV.
Currently, the initial guess for A! is AV = 0. Also, we are presently
fixing the main conductor, or spacecraft ground. The ground charges
only according to its capacitance to the plasma which is small. A1l
other surfaces and conductors have larger capacitance directly or
indirectly to the ground (see Appendix A, and Section 4.51). Thus,
fixing the ground simplifies the checkout of the charging algorithms.
This restriction will be removed at the appropriate time.
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SURSET (SURFACE VOLTAGE RESET)
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5.82 GRAPHICAL CODE STRUCTURE

5.82.10 AN OVERVIEW OF SHONTL

SHONTL is a module designed to create the graphics commands for
PLOTRD. It presents cross-sections of data generated by NTERAK as
. contour plots. Currently, axial slices of the positive ion density,
the electric field potential, the sheath boundary, and the particle
trajectories can be plotted.

The form of the plots can be varied by using keyword commands.
The plot types and slice locations are also defined by keywords. The

D
,l‘,‘

keywords and their use are described in Section 6.5,

."."v AR

5.82.11 SHONTL

This is the main routine of the module. SHONTL oversees the
order of operations of the various phases of the plotting process (see
Figure 5.82.11/1). 1t calls an initialization routine (PLINIT), an
exit routine (PLEXIT) and cycles on the input routine and the plotting
routine (PLINPT and GENPLT, respectively). EOF is a flag from PLINPT
signalling the end of a plotting session.

SuhhhNs

5.82.12 PLINIT (PLOT INITIALIZATION)
PLINIT is the initialization routine. It opens POLAR data files

11 and 19, sets the raster graphics window, initializes common blocks,
sets the defaults for plot descriptions and prints a welcoming message.

......................................................
...........................
.............................................

--------------
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: 5.82.13 PLINPT (PLOT INPUT) ::':::-::1
- ,‘c‘_.-"..
« i"."
b, Ll
. This routine is the keyword input section of SHONTL. PLINPT . ‘fi
y 5, L
: recognizes the various keywords (described in detail in Section 6.5) :1£§§
N 0% |
N and sets the appropriate flag for GENPLT. In addition to keywords for 59308
y ol
J plotting features and to describe the data for plotting, keywords are §§§
G also recognized which direct the data handling, control the SHONTL S
W
5 exiting and plotting procedure, and provide useful aids for the user. QE
g These include a 'HELP' command which provides a short manual for 5;-~
~
L. successful plot production, a 'DICT' command to call a routine to f;,:
provide a complete dictionary of keywords and a 'WHAT' command to see e
g: which plotting features have been selected. ;f'f
k- ;:
£ Additionally, soon there will be a 'PROMPT' command which will A
: shift the input mode to a prompt input mode. This will be instructive 5'{'~
the first few times SHONTL is used since it steps through the f?tt
available features in sequence, describing each briefly. N
S A1l of the plotting features have default values set in PLINPT e s
: so that no harm will be done if a flag is not set in PLINPT (the <
W default values are described in Section 6.5 also). &
i ::-:
3 5.82.14  GENPLT (GENERATE PLOTS) 3
: e
] ‘.’:‘-’\
. GENPLT calls the routines responsible for generating the :ﬁfﬁ?
LT
pseudo-graphics calls used by PLOTRD. The flags set by PLINIT and 1g*-]
y PLINPT are used to decide which plotting routines to call. DS
" AN
: il
- To make a plot, GENPLT sets the constants it will need, reads Q}QR}
the data to be plotted, generates the plot along with any extra ;L,;:
N features selected, and then prepares for the next plot. q&§¢:
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6.0 OPERATING INSTRUCTIONS

.

N SANNE
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In general, POLAR can be run in either an interactive or batch
" computing environment using keyword input. Commands controlling run
i characteristics, defining environmental constants, and choosing the
L amount of appropriate output are either recognized by the module's
<l input routine or by a general input routine (POLINP) which processes
- non-module specific keywords such as the grid size and diagnostic
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The exception to this general rule is the set of keywords used T
to define an object. These keywords are expected to be found within a
definition file separate from the VEHICL runstream. Section 6.1 "o
describes the intricacies of object definition in detail and includes .3

P
N O
Y STV o Y
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several helpful examples. g
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The other sections describe the keywords pertinent to all of the ”*:j
modules (Section 6.7) or keywords appropriate to a particular module bt
(Sections 6.2 to 6.5). Some keywords appear in several locations for e
the sake of convenience. vﬂéy
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6.1-1
6.10 OBJECTS

POLAR objects are defined separately from the VEHICL runstream.
VEHICL will look for the object definition file as unit 20 (CYBER) or
as PREOBJ. on UNIVAC with PRE being a prefix given in the VEHICL
runstream (Section 6.2).

POLAR objects are defined in an object grid of variable
proportions subject to the limitation NX*NY*NZ = 9537;
NY,NX < 325 NZ < 33. The keyin language is identical to NASCAP,
except for the addition of slanted thin plates and the omission of
booms (POLAR does not do booms), antennas, and thin triangular
plates. If "empty space" and "object" both coexist in the same
computational space what makes objects distinguishable ? The answer is
that POLAR can distinguish between volume elements that are filled
(with object) and those that are empty (except for ambient plasma of
course). Once we have this distinction it is easy to see how objects
can be constructed by filling in collections of volume elements. For
example, a simple cuboid may be constructed by filling in 2 x 3 x 4 =
24 elements as shown in Figure 6/1.

While arrangements of completely filled and completely empty
cubes can be quite versatile in representing objects of many different
shapes, more sophisticated representations are possible if we allow
cubes to be partially fillea (or partially empty). Only three
partially filled cubes are allowed. These are shown in Figure 6/2.

While it is easy to see how objects might be constructed by
filling or partially filling individual volume elements, a command
structure that required the user to specify every element comprising
an object would be very cumbersome to use. So several generalized
objects are definable.

It is very important to note that POLAR objects must never touch
the edge of the object grid defined by VEHICL (see Section 6.2).
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6.1-2

Cuboid made by filling in twenty-four volume elements.

Figure 6/1.
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6.1-3

/

4
7
a

(b) wedge-shaped cell with 110 surface

(c) tetrahedron with 111 surface; (d) truncated cube with

Four shapes of volume cells considered by the POLAR CODE:
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6.1-4
6.10.10 BUILDING BLOCKS

To greatly simplify the user definition of objects, POLAR
pre-defines commonly used shapes built up from individual elements.
These shapes are called POLAR BUILDING BLOCKS. There are eight.

Flat Plate

Slanted Plate

Cuboid

Octagon

Quasisphere

Tetrahedron

Wedge

FIL111
These are shown in Figure 6/3. These basic shapes can be defined to
be any size (within the inner grid). POLAR automatically includes the
correct number of individual elements for the size of building block
chosen by the user.

6.10.11 COMMANDS (OR HOW DO I ACTUALLY DEFINE AN OBJECT?)
The POLAR module VEHICL is responsible for recognizing and
understanding the object defined by the user in the object definition

file.

Each building block has its own keyword. For example, the

quasi~sphere is associated with the word QSPHERE, and the cuboid
(rectangular parallelepiped) with the word RECTAN. The building
blocks and their keywords are summarized in Table 6/1.

Once VEHICL has read a building block keyword from the object
definition file, it then expects to find several more lines (or cards)
setting the block parameters. These might include the dimensions of
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Figure 6/3. The eight building block types are shown here. The
uppermost object shows a FIL111 smoothing a corner.
Below, from left to right are quasi-sphere, octagon
right cylinder, tetrahedron, wedge, and rectangular
parallelepiped.
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6.1-6
TABLE 6/1. POLAR BUILDING BLOCKS AND THEIR KEYWORDS

Keyword Building Block Description

FIL111 Smooth inside of a diagonal corner

OCTAGON Right octagonal cylinder

PATCHR Surface of a rectangle

PATCHW Diagonal face of a wedge N

PLATE Arbitrarily tain plate or cuboid s
Py

QSPHERE Quasisphere R
L

RECTAN Cuboid or rectangular parallelepiped INIEN
_\::'-::'.

SLANT Thin plate slanted at 45° R
AT

TETRAH Tetrahedron SRR

WEDGE Wedge derived from half a cube AR
N
v
DRSS
R
v
PUPON
nan
DR
a:.r:"_e:
NS
o




6.1-7
the building block, its orientation and the materials that cover its
surface. (Surface materials are discussed in Chapter 6.12.) Finally,

2
o
u

VEHICL expects to find a line 'ENDOBJ' telling it that no more qut’
information referring to the present block is coming and to expect the LS.
..- a".:'
next building block keyword. The information to be entered in the -5&?;'
[ 2507,
object definition file for each building block is summarized in Table e
6/2. Note that numbers and words may be separated by one or more ity
spaces on the same line. (Input is free-format.) -
The keyword 'ENDSAT' signals the end of the satellite definition !31 -
and should be included at the end of all vehicle descriptions. ;ETE;{
R
6.10.12  PLATES AND PATCHES ]
i- .:a{*ee:
AN
. . . [ RN
A careful inspection of Table 6/1 will show that there are some AL
LA RN
building blocks that are not derived from cubic volume elements. :L:L;?
These are the PLATE, SLANT, PATCHR and PATCHW. ﬁgﬁiﬁ
!--.‘j_:‘.
PLATEs are arbitrarily thin cuboids (RECTANS). They are assumed EI?%;;
to have only a top and a bottom, the sides being of negligible I§$:$C
i A
height. Flat plates always lie in one of the axis planes (XY, XZ, A
YZ). SLANTed plates lie along one axis, and at a 45° angle to the E;§;3
other two. 2 o
PATCHR and PATCHW are the surfaces only of a cuboid and wedge, &:;i"

respectively. They are used to change the surface material patterns

of existing building blocks and should never be defined in spaces not
already occupied by solid objects. (Objects defined to occupy the
same space are explained in Section 6.14.)
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OBJECT DEFINITION
SYNTAX

RECTAN

CORNER x y 2

DELTAS ax ay a2

(UP TO 6 SURFACE CARDS)
ENDOBY

WEDGE

CORNER xy 2

FACE matenainame normal
(type 110)

LENGTH ax Ay A2

(UP TO 4 SURFACE CARDS)

ENDOBY

TETRAH

CORNER x y 2

FACE materiainame normal
(type 111)

LENGTH ax

(UP TO 3 SURFACE CARDS)

ENDOBJ

OCTAGON

AXISxy2x'y 2

WIDTH w

SIDE s

(UP TO 3 SPECIAL SURFACE
CARDS "+ =",
or "C™")

ENDOBJ

QSPHERE

CENTERxy 2
DIAMETER ¢

SIDE s

MATERIAL maleniainame
ENDOBY

SLANT

CORNER x y 2

TOP materialnormal
(type 110)

BOTTOM material

LENGTH Ax 4y 42

ENDOBJ

o AL A N N RN

6.1-8

TABLE 6/2. OBJECT DEFINITION - FILE 20

OBJECT DEFINITION
EXAMPLES

RECTAN

CORNER 3 -2 8
DELTAS 1 2 4

SURFACE + X ALUMINUM
SURFACE - X ALUMINUM
SURFACE + Y ALUMINUM
SURFACE - Y ALUMINUM
SURFACE +2Z ALUMINUM
SURFACE ~Z ALUMINUM
ENDOSY

WEDGE

CORNER -3 21
FACE SI02 -1 -1 0
LENGTH 1 1 3
SURFACE + X SI02
SURFACE +Y SIQ2
SURFACE +Z GOLD
SURFACE -2Z 5102
ENDOBJ

TETRAH

CORNER -3 -2 8
FACE KAPTON 1 1 =1
LENGTH 2

SURFACE - X TEFLON
SURFACE - Y KAPTON
SURFACE +Z TEFLON
ENDOBY

OCTAGON

AX1§ 3.2.-6 3.2.~9
wWIDTH 3

SIDE 1

SURFACE + SILVER
SURFACE - SILVER
SURFACE C MAGNES
ENDOBJ

QSPHERE
CENTER 0.0.0
DIAMETER 4
SiDE 2
MATERIAL NPAINT
ENDOBY

SLANT
CORNER -1 -1 O
TOP TEFLON 1 1 0

BOTTOM KAPTON
LENGTH 2 2 3
ENDOBJ

OBJECT DEFINITION OBJECT DEFINITION

SYNTAX

FiL111

CORNERLINE xy 2x'y' I

FACE materiaingme normai
(type 111)

ENDOBY

PLATE
CORNER x y 2
DELTAS ax Ay A2

TOP = (g) matenainame

BOTTOM = (g) matenainame
ENDOBY

PATCHR

CORNER xy 2

DELTAS ax Ay az

{UP TO 6 SURFACE CARDS)
ENDOBY

PATCHW

CORNER xy 2

FACE matenalname normal
(type 110)

LENGTH ax Ay &z

{UP TO 4 SURFACE CARDS)

ENDOBY

EXAMPLES

FiLint

CORNER 3. 26 -546
FACE SOLAR -1 =1t =
ENDOBY

PLATE

CORNER ~1 ~1 -10
DELTAS 2 2 0

TOP «Z CPAINT
BOTTOM -2 CPAINT
ENDOBY

PATCHR

COR/NER 3 -2 8
DELTAS 1 0 1
SURFACE -Y SCREEN
ENDOBY

PATCHW

CORNER -3 2 7

FACE AQUADG ~1' =10
LENGTH 1 1 1

ENDOBY

NOTES “normal’ s three vatues
each either +1.0.0r -1

SURFACE CARD has the following format
SURFACE = (i) matenainame

SPECIAL SURFACE CARD s’
SURFACE (E) materainame

OTHER OBJECT DEFINITION COMMANDS

ENDSAT Must de last card tn tite

COMMENT No ettect

OFFSET 1y k Moves coordinate origin

CONDUCTOR n Sets numper ot ynderiying conguctor
1< n<15)

DELETE 1| x elietes surtaces leaving empty cell

unrecognized word  Assurmed !0 be name of new surtace
matenal Next ¢carg scanneq tor

parameters
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6.10.13 SPECIAL SHAPES

FIL11l is a special shape designed to fill in “steps" whose
corner line runs at 45° to the grid lines in any axis plane (i.e., XY,
ZY, XZ) (Figure 6/4a). There are two kind of "steps" that can occur
between POLAR building blocks. For example, a small cuboid on top of
another creates four "steps" that lie along grid lines (Figure 6/4b).
These may be "filled in" or smoothed by defining a WEDGE to lie along
the corner line of the step. A second type of step is possible
however when, for example, a tetrahedron or octagon is defined to sit
on top of another building block. These steps have corner lines that
run at 45° between grid lines. This is shown in Figure 6/4c. Such
steps can be smoothed or filled in by a combination of tetrahedra and
truncated cubes. This combination is supplied as the building block
FIL111.

6.10.14 BUILDING BLOCK PARAMETERS (OR WHO'S ON NEXT ?)

The very center of the object grid is assumed to be the origin
of the coordinate system 0, O, 0. Hence the grid itself extends from
-8 to +8 in the X and Y directions and from -16 to +16 in the Z
direction. This coordinate system is used to specify the position and
size of the building blocks in the parameter "cards” or lines
following the building block keyword. Let us examine the definition
of each building block in detail to see how this works.
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6.10.15 RECTAN

The following cards defiste a cuboid or rectangular

parallelepiped:

B TS R S IR I
.,'1-" 1¢. L 2%y a Lo L

RECTAN

CORNER x y z

DELTAS  ax, Ay, Az

SURFACE +X GOLD

SURFACE -Y KAPTON

(Four more SURFACE cards for -X, +Y, +Z, -Z)
ENDOBJ

RECTAN: s the building block keyword.

CORNER x y z: defines the coordinate of the lowest indexed
corner of the cuboid (the one so that if you added up x + y + z
it would give the lowest (least positive) number).

DELTAS ax, Ay, az: gives the length of sides of the cuboid
along the X, Y and Z axes. (Note that the edges of the cuboid
must lie in the direction of the three axes.)

SURFACE +X GOLD: assigns the material GOLD (see Chapter 6.12)
to the surface of the cuboid whose normal points in the +X
direction, There are up to six surfaces that may be assigned
materials (+X, -X, +Y, =Y, +Z, -Z). A1l surfaces that will
eventually become a surface of the finished object (rather than
become a connection to another building block) must be assigned
a material. (For surfaces that are shared with other building
blocks the material assigned is ignored.)
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“ 6.1-12
; As an example, the following cards:
RECTAN
b CORNER -4 2 -1
) DELTAS 3 2 5
: SURFACE +X GOLD

SURFACE +Y GOLD
3 SURFACE +Z GOLD
; SURFACE ~X GOLD
o) SURFACE ~Y GOLD

SURFACE ~Z GOLD
N ENDOBJ

- define a gold bar extending from -4 to -1 in the X direction, 2 to 4
) in the Y direction and -1 to +4 in the Z direction (Figure 6/5).
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6.10.16  PATCHR Egjés
: o
A PATCHR is defined in exactly the same way as RECTAN. :,3Q§
PATCHR 22
CORNER x y 2 ey
DELTAS ax Ay Az Ty
A <SURFACE card(s) (usually just one)> .
,' e.g., SURFACE +X GOLD
ENDOBJ

PATCHR should only be defined within an existing object.(see 6.14).
\ €.10.17 WEDGE

The following cards define a right angled wedge:
WEDGE
CORNER x y 2
FACE KAPTON 1 10
- LENGTH ax ay az
: (SURFACE +X TEFLON
| <Up to four SURFACE cardss
ENDOBJ

Notes:

1. WEDGE: is the building block keyword.

CORNER x y z: defines the lowest indexed vertex of the right N

2 =
4N Ay
angled corner of the wedge (see note 2, 6.10.15). nﬁﬁ}f
..‘ 0 \‘.
_ NV
N 3. FACE KAPTON 110: contains two pieces of information: RN
E *Ne
* 1
a. 'KAPTON' assigns the material KAPTON to the surface of the . ;é;ﬂi
) face of the wedge. (The face is the sloping surface of the AT
. wedge. ) RN
) Nl
3 ' ] 1 7 + .‘("(
: b. 1 1 0' defines the direction of the normal to the face and . ﬁz
hence the orientation of the wedge itself. The normal may point otoN
in any of the following directions only: T
. y : y et
. _\:,:.:_:.
e
A ,’,:j_-::‘_:
A
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6.1-14 “1
B A
~ A
f +1, #1, © 5
! +1, 0, *1
' 0’ :la :1
s (For those of you not familiar with the '1 1 0' notation a
. '1 10" normal is a vector pointing to the coordinates X = 1,
. Y=1and Z = 0 from the origin.)
> 4, LENGTH ax, Ay, az: gives the lengths of the sides of the wedge
- parallel to the X, Y and Z axes. To maintain symmetry two of
N these must be equal (i.e., the two right triangle sides).
oy
| 5. SURFACE +X TEFLON: assigns the material ‘TEFLON' (Section
) 6.12) to the surface whose normal points in the positive X TR
3 direction. There are up to four remaining surfaces that may be *:f:
N assigned materials (see 6.10.15, note 4). These all have ﬁxlfq
N normals pointing along one of the axis directions. Along which :}gﬁa
. axis direction they point depends on the orientation of the N,
] wedge or the choice of normal for the face (note 2). The , f”f"
possible combinations of face directions and remaining surface 5:;jﬁ
- directions are summarized in Table 6/3. Cards defining e
- materials for non-existent faces are ignored. i

'y

r
AR
A

As an example, the following cards:
WEDGE
CORNER 000
N FACE  GOLD 110
LENGTH 2 2 2
v SURFACE -X GOLD
. SURFACE -Y GOLD
N SURFACE +Z GOLD RN
; SURFACE -Z GOLD e
' END0BJ T‘T'd
define a wedge covered in gold with the origin as one of its corners e
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and a face whose normal points between the X and Y ax2s in the XY
plane. This is shown in Figure 6/6. P
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: 6.1-15

TABLE 6/3. DIRECTIONS OF SURFACE NORMALS ASSOCIATED WITH ST
ALLOWED WEDGE ORIENTATION

Normal of WEDGE Face Norrﬁa1s of Four Remaining Surfaces
11 0 X, Y, 2, -2 TS
QNN
-1 10 X, =Y, 2, -Z 55?3;5
N
1 —1 0 —X, Ys 29 - :;‘3::":;3:
-1-1 0 X, Y, 7, -1 :;__J

{ 101 X, ¥, -Y, -2

H 10 1 X, Y, -Y, -2 T
1 0 -1 X, Y, -Y, 1 e
-1 0 -1 X, Y, -Y, 12

01 1 X, X, -Y, -Z
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: 6.10.18  PATCHW I
&~
¥ N
PATCHK is defined in exactly the same way as a wedge. C
e
» PATCHW :.r::‘_::'
& CORNER x y 2 *2.;;
0\ .
w FACE GOLD 1 -1 O ‘.-:
. LENGTH ax ay az o g
j-'\' <Up to four SURFACE cards (usually just one)> *E_
- ENDOBJ G
7 Like PATCHR (6.10.16) it may only be used to define a wedge inside b
2 another building block. This is explained further in Section 6.14. T
o’ \.""-
¥ s
b1 A
b 6.10.19 TETRAH R
] R
3 A
b NN
The following cards define a tetrahedron:
S TETRAH S
o CORNER  x y 2 oo
pas FACE ALUMINUM 1 1 -1 or )
% LENGTH  ax <5
~ LEgeSy
N SURFACE -X TEFLON :j.:-j
"N SURFACE -Y TEFLON X
) v ury
¢ SURFACE +Z TEFLON LT
” ENDOBJ PO
’ DA
‘E Notes: :S
1. TETRAK is the building block keyword. e
’ 2. CORNER x y z: defines the coordinates of the right angled :::-
o corner of the tetrahedron. There is only one of these. (It e
- corresponds to the ccrner of the partially filled cubic volume :-:t-:.j
- element that is actually filled.) N
¥ 3. FACE 1 1 -1: assigns the material ALUMINUM to the unigue ;;
X8 face of the tetrahedron opposite the right angled corner. o
N '1 1 -1' gives the direction of this face's surface normal and rf—-_:-_
- hence the orientation of the tetrahedron. The following ,’.:j.:‘;
N directions only are allowed: NN
o
& +1, +1, +1 A
o~ -7 R0
v (This notation is the same as explained in 6.10.17, note 3.) :::-_;3:::
: 5
. . -l
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6.1-18
4, LENGTH ax: gives the length of the sides along the X, Y and Z
axis directions. (These must all be equal to preserve symmetry,)
5. SURFACE -X TEFLON: assigns the material teflon to the
remaining surface with surface normal pointing along the
negative X axis direction. Up to three surfaces remain to be
assigned materials (see 6.10.15, note 2). The surface normals
of these surfaces depend on the orientation of the tetrahedron
and hence the normal of the "face". Table 6/4 summarizes these
relationships. Definitions of non-existent surfaces are ignored.
. o
wine
TABLE 6/4. DIRECTIONS OF SURFACE NORMALS ASSOCIATED WITH N
ALLOWED TETRAHEDRON ORIENTATIONS ﬁ?
oy
Normal of TETRAHedron Face Normals of Three Remaining Surfaces Li:ﬁ
.'_\:
1 11 -X, =Y, -7
-1 11 X, =Y, -Z
1-1 1 -X, Y, -1
1 1-1 X, =Y, 2Z
-1-1 1 X, Y, -Z
-1 1-1 X, =Y, 17
1 -1-1 =X, Y, 1
-1-1-1 X, Y, 1
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, AN
’,: As an example, the following cards: jﬁ,_?ﬁ
RN A
R TETRAH e
P
CORNER 0 O O o 3
Y A
A FACE KAPTON 1 1 1 O
\ LENGTH 2 W
: SURFACE KAPTON X R
N SURFACE KAPTON -Y R
: SURFACE KAPTON -Z S
2 ENDOBJ R
' define a tetrahedron with its right angle corner at the origin and the NN
normal of the opposite face pointing between the positive X, Y and Z e
~ o
s axes. This is shown in Figure 6/7. R
:-. -"'-ﬁ_-
f )
- ta e
-\ [ A
. 6.10.20 OCTAGON rof N
> ey
- The following cards define a right octagonal cylinder: \j\_;-
. LY
3 OCTAGON :-_:::_;_:
e
< AXIS xyz x'y' 2 Y
. WIDTH w ALY
’. --.:—:
- SURFACE + GOLD ISR
: SURFACE - GOLD RN
S SURFACE C GOLD
% ENDOBJ
“I
Notes:
.- 1. OCTAGON:  is the building block keyword.
N .
- 2 AXIS x y z x' y' z': defines both the direction of the N
N symmetry axis and the height of the cylinder. The symmetry axis o
A must be parallel to one of the axis directions. Thus two of the i -
. coordinate pairs (x, x'), (y, y') and (z, z') must be ?: -
R identical. For example, ".-'_"5",
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5.1-21

‘AXIS 6 3 -2 7 4 -2 T

would define an axis that was not parallel to the X, Y or Z
directions. However,

'AXIS 6 3 -2 7 3 -2
defines an axis parallel to the X direction and is acceptable.

The height of the cylinder is given by the difference in
coordinates along the axis direction. (For example, in the case
above, the axis is one mesh unit iong.)

3. WIDTH w: gives the width of the octagonal cross-section of the
_cylinder as w. If WIDTH is chosen to be odd, the axis must be
moved or the sides of the cylinder will lie halfway across a
volume element. POLAR automatically moves the axis +1/2 a mesh
unit in each direction 1n the plane perpendicular to it.

4, SIDE s: gives the length of one of the sides of the octagonal
cross-section that lies in an axis direction. The symmetry
relationship between the width and the ides of the
cross-section is shown in Figure 6/8. To maintain this
relationship the side must always be an even number of mesh
units less than the width. This means that they both either
must be odd or both even numbers of mesh units.

5. SURFACE + GOLD: assigns the material GOLD to the top surface of
the cylinder. '-' and 'C' replacing the '*+' assign surface
materials to the bottom or side cylindrical surface,
respectively. Only those surfaces that will eventually become it
surfaces of the completed object need be assigned a material. W

__\:_ T
.-:.-: .r::
As an example, the following cards: 3}:f::
OCTAGON ;‘;
AXIS 2 -4 6 2 -4 10 P o
W
WIDTH 5 e
SN
SIDE 3 ;2-:;-::1-:-1
SURFACE + TEFLON Tl

*
o
2
P4

SURFACE - TEFLON

SURFACE C TEFLON

ENDOBJ
defines a right octagonal cylinder covered in teflon. The symmetry
axis lies along the Z direction and the height of the cylinder is four
mesh units, Because the WIDTH is odd the axis is imagined to pass

through the point 2 1/2, -3 1/2 in the X Y nlane. Hence the top and
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bottom faces run from X = 0 to X = 5 and fromY = -6 to Y = -1. The

X coordinates of the top of the cylinder are shown in Figure 6/8. A
three-dimensional view is shown in Figure 6.9.
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il 6.1-24

‘! 6.10.21  QSPHERE

o !

» The following caras define a quasisphere:

: GSPHERE

\ CENTER x y 2

) DIAMETER d

' SIDE s P
° kod

2 MATERIAL Si02 X

N ENDOBJ gt;j

g A

- A

Notes:

QSPHERE: is the building block keyword.
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2. 2 CENTER x y z: defines the center of the sphere to be at fﬁﬁ.
- coordinates X, Y, Z. D
Fd s 4%
3 3. DIAMETER d: defines the diameter of the sphere to be d mesh i;_ﬁ
X units. The quasisphere can be thought of as an octagonal ?5:%
N cross-section (1ike the top of an OCTAGON (see 6.10.20)) rotated Do
RN about an axis in the cross-section plane. The diameter then {f‘ﬂ
- corresponds to the WIDTH for a two-dimensicnal octagonal c
s section. The same restricticns then apply: An oad value for T
2l the DIAVETER causes POLAR to automatically move the CENTER by yﬁjq
e +1/2 a mesh unit in the X, Y and Z directicns. \iqu
- ‘-‘..\-_\1‘
. 4. SIDE s: sets the length of a side lying in one of the axis a:$:
o planes (e.g., X Y plane). Like the CCTAGON, the SIDE and RN
; DIAMETER must differ by an even number of mesh units. : 1
2 el
-; 5. MATERIAL SI02: assigns the material SI02 to the whcle sphere g}{n
L - surface. O
y )
v _o"
o As an example, the following cards: NN
‘_: CSPEERE ?z“d
N CENTER 1 -3 5 NS
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6.1-26

6.10.22 FIL111

Notes:

The following cards define a FIL11l:
FIL111
CORNERLINE x y z x' y' 2!
FACE KAPTON 1 -1 -1
ENDOBJ

FIL111l: s the building block keyword.

CORNERLINE x y z x' y' z': defines both the length and the
direction of the "step" FIL11l is to fill. The line must lie in
one of the axis planes (XY, XZ, YZ) and must have a direction
lying 45° to two of the axes. This means that one pair of the
coordinates (x', x), (y, y') (z, z') must be identical and the
other two pairs must differ by the same magnitude. For example,

'CORNERLINE 1 2 3 4 S5 6'

is unacceptable since all three coordinate pairs change. The
following correct example

'CORNERLINE 1 2 3 -1 4 3

defines a line in the XY plane (Z is constant) with ax = -2, and
ay = *2. Hence the line is /7 units in length and runs at 45
between the positive Y axis and the negative X axis.

FACE KAPTON 1 -1 -1: assigns the material KAPTON to the
exposed surfaces of the FIL11ll and defines its orientation via
the surface normal of its exposed face: 1 -1 -1, The surface
normal can only be combinations of

Only certain choices of corner line direction are consistent
with each choice of FACE normal. I[f we subtract the x y z,
x' y' z' coordinates defined in corner line

AXx

ay
¥4

N X
N X

then the surface normal n; n; ny (e.g., 1 1 1) must be
orthogonal to ax, Ay, az, i.e.,

8+ M} + ay *np + Az * n3 = 0.
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With the choicel 2 3 -1 4
coordinates only 1 1 +1 or -1

e.g.,
2. -1+2,-1+0,+1=0.
However, with -1 +1 +1

2. -1+2.1+0.+1 =4

6.1-27

3 for the corner line
-1 +1 faces are permissible,

the vectors are not orthogonal and so are not allowed.

As an example, the following cards:
FIL111
CORNERLINE 1 4 -6 1 7
FACE GOLD -1 1 -1
ENDOBJ
defines a FIL11l covered with gold smo
running froml 4 -6 in the YZ plane,
The face of the FIL

7 directions and positive Y direction,

axis tol1 7 -3.

Figure 6/11.

-3

othing a step with a corner line
between the positive Y and Z
111 points in the negative X and
(See Figure 6/11.)

FILI11L.
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. 6.1-28
R 6.10.23  PLATE

The following cards define a PLATE:
PLATE
2 CORNER x y z
v DELTAS ax Ay az

o TP+ ALUMIN

BOTTOM KAPTON

| +

N < > N < X

ENDOBJ

¢ ARSI,

Notes:
N 1. PLATE: is the building block keyword.

2. CORNER x y z: defines the vertex of the thin plate with the
lowest indices (see 6.10.15, note 2).

DELTAS ax ay az: defines the length of the plate along the
three axis directions. A PLATE may be thought of as a cuboid
(or RECTAN) (see 6.10.15) with zero thickness in one direction.
Hence one of ax, Ay and az must be zero. For example, if ay is
chosen to be zero the PLATE will lie in the xz plane.
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PaCs

X
TOP + (Y ) ALUMIN:

Z
assigns the material ALUMIN to the TOP surface of the plate.
The "TOP" surface may be either in a + or - axis direction.
; This choice is arbitrary unless a "double point" conflict is

: possible. Double point conflicts are explained in Section

6.11.11.

-

ALl

X
BOTTOM .1( Y ) KAPTON:

7
assigns the material KAPTON to the other side of the plate. If
"top" were chosen as *X then bottom must be -X, and so on, Note
that the choice of x, y or z must coincide with the ax, Ay or az
chosen to be zero.
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As an example, the cards
PLATE
CORNER 0 0 O
DELTAS 0 2 2
TOP -X TEFLON
BOTTOM +X GOLD
ENDOBJ

R

R
ki defines a 2 x 2 thin plate with gold on the +X side and tefion on the ﬂif
Eﬁ -X side lying in the YZ plane. (See Figure 6/12.) :;:
o L
=y '1.( ‘e

Iy
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Figure 6/12. PLATE.
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§ 6.1-30 \,_::"
: 6.10.24 SLANT §$§¢
b

! The SLANT object should be thought of as a WEDGE with the ﬁ,
' 100-type surfaces left undefined. The FACE card is transformed to a g&#«!
E TOP card, and a BOTTOM card is added. The CORNER is remote from the ”:f:
I slanted plate, and is where the CORNER of a WEDGE would be if we were k_’_s
. ’ defining the FACE of a WEDGE. Similarly, the LENGTH card corresponds ;:j;j
5 to that of a WEDGE. The syntax is §§i£€
‘ SLANT e

CORNER ix Jjy kz

TOP matl nx ny nz
BOTTOM matl

LENGTH 1Ix 1y 1z
ENDOBJ
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6.10.25 MORE OBJECT DEFINITION KEYWORDS “}iﬁ}

In addition to the building block keywords and the parameter ]
cards that follow VEHICL also recognizes a few other keywords. With
these and the building blocks a complete object definition file can
finally be constructed. Let us examine the remaining keywords and X
their effect one by one. ?,.u

ENDSAT NI

. '.. \« .

D AAK

Just as ENDOBJ terminates a set of building block parameter
cards, so the keyword ‘ENDSAT' terminates the whole object aefinition
file. After reading an 'ENDSAT' card VEMICL stops trying to read any
more keywords from the object definition file and begins to process

the information it has. Note that ALL object definition files must
end with an '"ENCSAT' card.
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6.1-31 aad
COMMENT 3%
VEHICL ignores anything written on the same 80 character line
(or card) that begins with the keyword 'COMMENT'. This allows the
user to include notes or reminders in long and complicated object
definition files, e.g.,
COMMENT DEFINE OCTAGONAL BODY
OCTAGON
AXIS -6 0 2 -8 0 2
OFF SET
The card
OFFSET x y 2z
relabels the grid center to be (NX+1)/2-X, (NY+1)/2-Y, (NZ+l)/Z-z,
G-x, 9-y, 17-z for a 17 x 17 x 35 inner grid. The so-called
"absolute” POLAR coordinate system labels the axes from 1 to 17 in the
X and Y direction and 1 to 33 in the Z direction. In this "absolute
system" the center of the grid, which we had previously labelea
(0, 0, 0,) becomes (9, 9, 17). So we may move from the more intuitive
(0, 0, 0) centered system to the "absolute" system with the command i“?'
OFFSET 0 0 O gfji
To illustrate the difference the follcwing two sets of cards define a 3$$
sphere centered at the center of the grid. N
7R
i
L :

CAs
WAL,
-




Default coordinate system

Absolute coordinate system

6.1-32

QSPHERE OFFSET 000

CENTER 0 0 G GSPHERE

DIAMETER 7 CENTER 9 9 17

SIDE 3 DIAMETER 7

MATERIAL KAPTON SIDE 3

ENDOBJ MATERIAL KAPTON
ENDOBJ

The coordinate system may be adjusted with the OFFSET command anytime
at any point between building blocks. The active system is always the
default or the coordinate system defined by the most recent OFFSET.

CONDUCTOR

POLAR allows for both insulating and conducting materials
(Chapter 6.12). It assumes that all surface materials cover an
underlying conductor. Up to 15 separate conductors are aliowed. Each
building block is associated with a particular conductor. This
association is made by preceding all building block definitions
associated with the first conductor with the card:

CONDUCTOR 1
Similarly, blocks associated with a second conductor are preceded by
the card
CONDUCTOR 2
and so on. If no CONDUCTOR card is included in the cobject definition
file all building blocks will be associated with CONDUCTOR 1. In the
same way any building blocks defined before VERICL encounters a card
CONDUCTOR n (n > 1)
will be associated with conductor 1. A1l subsequent blocks will be
associated with conductor n, until another conductor card is

encountered,

It is conventional to choose conductor 1 as the satellite ground

conductor. Skipping conductor numbers is not recommended.
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DELETE

DELETE allows the user to modify building blocks alreaay defined

\ by selectively "deleting" filled or partially filled cells (i.e.,

i "deleting" them by making them empty).

' DELETE x y 2
empties the filled cell with the indices of its lowest index vertex
given by x y z. (The lowest index vertex is the one with the sum of
its X, Y and Z coordinates equal to the least positive number.) The

l coordinates x, y, z refer to the coordinate system presently active
(i.e., the default system or that associated with the most recent
OFFSET command). The DELETE command requires great care in its use.
It does not assign materials to surfaces that are newly exposed by the

E removal of a filled element. The user must do this by defining a new

; object or objects with surfaces that coincide with those newly

N exposed. This is most easily done by overlaying objects (€.14).
COMPRESS

Since there is a limit of 1250 to the nunber of surfaces on an
object (the rectangle defined in Figure 6/5 has 62 surfaces), large
complex objects sometimes contain interior surfaces which need to be

" s .vmmes W " A s A uEEmEm s s

removed. Normally these surfaces are removed when the satellite

: definition is complete or when the nunber of surfaces exceeds the

) surface 1imit between building blocks, COMPRESS forces the existing
interior surfaces to be removed immeaiately. An example of the syntax

' is

: ENDOBJ
COMPRESS
RECTAN
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6.1-34
MARKTB

Sometimes when defining odd objects with unusual geometries,
undefined double points will be found. One way to patch the object is
to use the MARKTB command to define an element and its asscciated
surfaces to be TOPs or BOTTOMs.

MARKTB 1 2 2 TOP

MARKTB 1 2 1 BOTTOM

The first MARKTB command forces the cell with lowest index
vertices of (1,2,2) to be marked as a TOP element. The second line
marks the element below the first in the Z-direction as a BCGTTOM
cell. It should be noted that these index vertices will be affected
by previous OFFSET conmands. (See Section 6.11.11 for more hints for
dealing with double points.)

OTHER WORCS

Any other words that VEHICL reads in the object definition file
are assumed to be the names of new materials and VEKICL then expects
three more cards defining the material properties (6.1z) to follow
immediately.

6.11 DEFINING AN CBJECT: AN EXAMPLE

The input file of Figure €/13 defines an otject consisting cf an
ALUMINUM slab, trimmea with four KAPTON wedges ana four TEFLOM
tetrahedra, and topped with a GOLD sphere. Three views cof the
resulting object are shown in Figure 6/14.
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6.1-37
6.11.10 LIMITATIONS IN OBJECT DEFINITION

It is probably fair to say that you can link building blocks
together and nine times out of ten there will not be a problem. This
section deals with the other cne time out of ten, when what appears to
be a perfectly reasonable combination of building blocks is rejected
by VEHICL. We itemize here a rather formidable 1ist of object
definition "den'ts". However, you should remember that it takes hard
work to break more than one or two of these rules defining any one
object if you use a little common sense.

1. A1l exposed surfaces must be assigned materials.

2. The parameter cards for each building block, discussed in
Section 6.10.14, must appear in the order shown, and nc other.

3. The object must not touch the object grid boundary planes at any
point.

4, Thin plates sharing the same volume element can do so cnly if
the TOP face of one shares volume with the TOP of the other, or
the BOTTOM face of one shares volume with the BOTTCM face of the
other. TOP faces may not share volume elements with BOTTCM
faces.

5. Thin plates may only intersect each other at the edges or
corners.

6. Double points must be assigned TOP and BOTTOM sets (see Section
6.11.11).

(Rules 4 through 6 are all manifestations of conflicts involving

double and triple points.)

6.11.11 DCUBLE POINTS

Thin plates may have different potentials on their two surfaces,
yet they occupy only one plane of grid points. These grid points nust
therefore be associated with two distinct sets of potentials. Ffor
this reason they are called double points. The two sets of potentials

associated with each half of the double points are aistinguished by
calling one set 'TOP' and one set 'BOTTOM'. FRecall (€.1C.23) that the
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surfaces of a thin plate may be defined as 'TOP' or 'BOTTCM'
regardless of whether their surface normal points along a positive or
negative axis direction: The TOP and BOTTOM definition refers to the
(arbitrary) choice of which set of potentials (TOP or BOTTONM) to
associate with each surface. When double points share a volume
element they must all be of the same type; i.e., all TOP or all
BOTTOM. This is the basis for rule 4 in Section 6.11.10.

Double points also occur when other building blocks touch in
such a way that their single points come together to form a common
vertex of two "disjoint" volume elements. By "disjoint" volume
elements we mean elements physically separated from each other by
solid surfaces. This is shown for two cuboids touching along one edge
only in Figure 6/15. The row of points along the touching eages are
double points and one set must be defined as BOTTONM. This may be done
by defining a thin plate touching the common edge. If the exterior
surface of the plate pointing into one of the disjoint volumes is
'BOTTOM' then the half of the double point associated with the other
disjoint volume becomes 'TOP'.

Row of Double Points
Extending in the Z Direction

\’__J

Disjoint
Volume Elements

Figure 6/15. Profile of two cuboids sharing a common edge anc
resultant double points. Heavy lines show possible
orientations for the definition of a thin plate to re-
solve the conflict.
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N 6.1-39 1
;ﬁ Because of the way surface cell potentials are assigned to grid o,
% points, the edges of thin plates are only single points. However, a EES
thin plate touching another building block with its edge creates a row :}f

?

of double points similar to that caused by two cuboids touching at an o

‘.I
edge (Figure 6/16). These double points are automatically assigned Do
TOP and BOTTOM sets.

IR
SRE0

N o
%ﬁ Double point ambiguities can also be resolved on an element by }f}
o element basis using the MARKTB command discussed in Section 6.10.25. : ;jf
2 : -
o 6.11.12 TRIPLE POINTS T
‘;ﬂ A triple point is said to occur when a vertex is common to three ?{:
™ or more disjoint volume elements. Triple points are illegal: The fi:
3; easiest way to get a triple point is to define one thin plate passing ‘5@
tAle
through ancther. This is not allowed (rule 5, Section 6.11.10). e
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n 6.12.10  MATERIAL PROPERTIES
)
Each material name (e.g., KAPTON, GOLD, FRED (the name is
) arbitrary)) has associated with it a list of material properties. The
name of each material and the values for each material property are
supplied by the user in the object definition file. (This is
n explained in Section 6.12.11.) The nineteen material properties are
E summarized in Table 6/5. Here we examine each one in more detail.
>
e
>
CIELECTRIC CONSTANT (PROPERTY 1)
o
o Property 1 contains the relative dielectric constant for an
, insulating material €,
N ‘r e R
Y 0 _.-,:.r_‘a
b ‘(‘-.P,_l‘
‘ DAY
where ¢ is the absolute dielectric constant and €4 is the dielectric ?;a;a
» FEAY
; constant of free space. €. is dimensionless. ;E;i:
] AU,
d Ly A
THICKNESS (PROPERTY 2) N
N
X o
N Property 2 gives the thickness d of a dielectric film covering e
» -® -
N an underlying conductor in meters. d is arbitrary and may be chosen N

to be more or less than a mesh unit. However, note that POLAR uses
thin-film approximations in many of its calculations involving
surfaces (Section 4.52).

"_I
1)
KA

FAY
"
e
"

BULK CONDUCTIVITY (PROPERTY 3) el

S

: A

.\' . !

; Property 3 gives the bulk conductivity o  of the surface Q;:is
. . . - LA (]
N material in ohms 1 m'l. o_ is assumed to be the value appropri- NN
' o A

ate for a sample not exposed to any radiation and not subject to any

|
|
|

internal electric fields. Field enhancement and radiation enhancement

of o, are not currently modeled by POLAR. A value of -1 indicates
that the material is a metallic conductor.
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. TABLE 6/5. MATERIAL PROPERTIES
. (see Section 6.12.10 for notes)
~ Property No. User Input Units Description
) 1 None Relative dielectric constant
"] 2 m Dielectric material thickness ;
P 3 ohms=1 m-1 Bulk conductivity (= -1 for a ?;Q%
% metallic conductor) T
o f_‘. e
" 4 None Atomic number R
r: 5 None Maximum secondary electron yield -
A for electron impact 3
= 6 keV Primary electron energy that e
X produces maximum secondary yield n
; 7 angstroms Range parameters (4.3) t{?ﬁ
4 8 None p p Q}:g«
9 angstroms R = PsE 8 + pgE 10 PN
10 None DN
2 11 None Secondary electron yield due to T
- impact of 1 keV protons AN
. .-:_.r_‘.':'
. 12 keV Incident proton energy that o
o produces maximum secondary electron PO
yie]d AR
N 13 A m2 Photoelectron yield for normally :
- incident sunlight
14 ohms square'1 Surface resistivity (= -1 for
non-conducting surface)
S 15 Volts Maximum (absolute) potential
: - attainable before a discharge must
. occur
' 16 Volts Maximum potential difference
- between surface and underlying
- conductor before a discharge must
> occur
N 17 ohms=1 m-1 Radiation-induced conductivity :
- (m2 5'3)‘1 coefficient (k) “1
X 18 None Radiation-induced conductivity 'i:&f%
. power (a) e
. REO NS
._‘-'_-

5 19 kg m-3 Vaterial density LT
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\ 6.1-43 Ef:r.\_
. ATOMIC NUMBER (PROPERTY 4) Nl
! "t ,
N Property 4 is the atomic number for pure elements or the mean !4.;;‘
) atomic number for chemical compounds; e.g., polyethylene (CHZ)n ;jﬁig
: has a mean atomic number of (6 + 1 + 1)/3 = 2.7. jﬁfi::
£ RN
SECONDARY YIELD (PROPERTIES 5 AND 6) }- S
N
A
Properties 5 and 6 are the coordinates of the maximum in the ﬁtj;j
secondary electron yield curve of the material. The secondary yield DA
curve is a plot of secondary yield s &h}g;
e
PSRN
_ current of secondary electrons emitted i
incident primary electron current Swiat
t .4
for normally incident electrons, against the incident energy of the :2?25'
Z primary electron E. This is further discussed and illustrated in 4y
‘ . . . R
: Sect19n 4.52. Property 5 contains Smax’ and property 6 contains FC~§-
. Enax M keV. ;:$:$;
AN
[y
ELECTRON RANGE (PROPERTIES 7, 8, 9 AND 10) ﬁﬁﬁﬁt-
i.
R
Part of the secondary electron emission formulation requires an j}ﬁﬁi
RSN
analytical form for the "range" of electrons in the material. The OV
range is the depth to which the electrons can penetrate the material }ﬁi":‘
as they are continuously slowed down by losing energy to the material RS
5 lattice. POLAR uses a biexponential form. If P7, P8, Pq, and :;:\‘::.:.':
. RN
P10 are properties 7-10 respectively, the range R is given by gs;~3
NALN
e
3 P P =
5 8 10 AN
3 R=P, E"* P9 E Ziﬁif
. RN
: )
DA

-
(R

The four parameters are obtained from fits to stopping power data
o

s s &

(Section 4.52). The range is determined in A (10_10 m). If no
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6.1-44
reliable szpping power data or four parameter fits are available, the
range may be estimated from Feldman's formula 4 automatically by

-\. '\“\ 'l."l-,‘l A i
L)
5 .

d e
aNhhn
DY

’

P
‘.‘.'t

assigning -1 to property 7. In this mode properties 7-10 are assigned
as follows:

P7 = -1
p = null
P, = material density (g cm™
P,. = mean atomic weight (AMU)

I
[N
5-'*,.

2

' » S

NN
A,
P

3

k

)

g

AAAAS
’,

1]

5 4

1}
LA
4

The mean atomic weight is calculated in the same way as the mean

- i
e

atomic number (property 4) using atomic masses rather than numbers.

ION INDUCED SECONDARY EMISSION (PROPERTIES 11 AND 12) EE&;;;'
AN

Secondary emission of electrons due to ion impact is also E.;\j
treated using a two parameter theory (4.52). Parameter 11 contains ;{;%;:
the yield for 1 keV normally incident protons and parameter 12 the T

P
R
. &5‘

proton energy that produces the maximum electron yield. The secondary
emission properties due to impact of ions other than protons are

. .'..,-! ?-l,‘ K
M L]
.

assumed to be identical to the proton values.

s & | 4 Ao W W & 2 TheTTommmm———e=

PHOTOEMISSION (PROPERTY 13)

E Property 13 contains the yield of photoelectrons from the

P surface material exposed to the solar spectrum. The intensity is that

5 measured on earth 93,000,000 miles from the sun. (Earth orbit o '?
altitudes are negligible by comparison and the intensity of the sun

k close to earth may be considered constant.)
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SURFACE RESISTIVITY (PROPERTY 14)

Property 14 gives the intrinsic surface resistivity in the “ohms
per square". This rather odd unit is used to distinguish the
resistivity coefficient (property 14) from the actual surface
resistance (in ohms) calculated by POLAR. Consider two points in a
plane A and B, a distance L1 apart. If L, is the "width" of the
plane

2

L
surface resistance = surface resistivity x El

dimensionless
i.e. ohms = (ohms per square) x geometrical
factor
L2 ]
1
L o
A 8

SN A D A NS S A AL AR A A A AT S Al S RO AL
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6.1-46
POLAR uses the surface resistivity per square, times a geometrical
factor it calculates to determine the surface resistance between two

adjacent materials.

The intrinsic surface conductivity is due to the migration of
electrons along the surface layer aided by adsorbed impurities and
defects.

Surface conductivity may be omitted from the current
calculations completely by choosing property 14 to be negative.

DISCHARGE ANALYSIS (PROPERTIES 17, 18, 19, 20)
Currently under development.

PROPERTIES 17, 18, 19, 20 (RADIATION INDUCED CONDUCTIVITY)
Currently under development.

6.12.11 DEFINING MATERIALS

New materials are defined, and their properties assigned inside
the object definition file (6.10.11). The object definition file is
read by POLAR module VEHICL. VEHICL interprets any word that it does
not recognize as a building block keyword (or their parameter cards
(6.10.25)) as the definition of a new material name. New material
names may not appear inside building block definitions (i.e., between
a building block keyword and an 'ENDOBJ' statement).
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Following the material name, VEHICL expects to find three
additional cards specifying 20 constants as the material properties to
be associated with the name. The 20 constants correspond to properties
1-20 and are read sequentially; i.e., the first constant read is inter-
preted as property 1, the second, property 2, and so on. They are
arranged sequentially, eight per card, so that cards 1 and 2 each have
eight numbers and card 3, four numbers. Formally each number is
written in a field of up to ten characters, but POLAR will read the
cards in free format. No units need be specified. POLAR will assume
the units given in Table 6/5 and no others. For properties not
requiring any input such as property 20, or properties 17-19 for
conductors, some constant must be entered but its value is arbitrary.
(POLAR will not actually use the values entered but expects to read
something. )

Once the three material property cards have been read VERICL is
ready to accept any other keywords or more material names. POLAR will
recognize up to fifteen different materials.

Materials must be defined before they are referred to in any
building block definition. For examnple, if I assign the surface of a
sphere to be 'FSTUFF' with the card

MATERIAL FSTUFF
if 'FSTUFF' and its material properties have not been declared earlier
in the object definition file, an error will occur and execution will
stop. For this reason all the materials to be used are usually
declared at the very beginning of the object definition file., This is
shown in Figure 6/17.
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6.1-48 oo
COMMENT DEFINITION OF SATELLITE "BIG EARS" N

o>
Material Name 1 o
3 material property cards >

Material Name 2 R
3 material property cards IO,

y iy

: A

MRS LAY,

COMMENT DEFINE MAIN BODY

SO A

CONDUCTOR 1

| QSPHERE A
. parameter cards N
ENDOBJ <

0 RECTAN T
. parameter cards Ry
¥ ENDOBJ

~ . . ::.'-"
- . more building blocks e
Ryt

i COMVENT DEFINE SOLAR PANEL (SEPARATE CONDUCTOK)

- CONDUCTOR 2 R
PLATE SR

parameter cards :u.:ﬁ
ENDOBJ <-4

. more building blocks

COMMENT

IO b RO
4
4

CONCUCTOR 3

et
0 e,
R S e AL

more conductor segments

v -

.

ENCSAT

Figure 6/17. General form of the object definition file. v:?f
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6.1-49
6.12.12 DEFAULT MATERIALS

There is one case where the user can forget to define his or her ﬁ:{:
materials and get away with it. When VEHICL encounters a material EES&E{
that hasn't been defined already, before an error occurs, it checks ;::i:
the following list of default materials: fi“?v

P_'{ _'/_
ALUMIN i |
AQUADG T
CPAINT U
GOLD N
INDOX s
MAGNES
SCREEN )
KAPTON ;
NPAINT r\g
S102 ,_‘:
SCLAR L
TEFLON
SILVER v
R
If the material is included in this list, it becomes one of tne up to 5352j
fifteen defined materials and its properties, stored internally, are %iiz~

-
~
0y

automatically entered as VEHICL input by the code. The properties of

these materials are shown in Table 6/6. Any further reference to the ﬁ:@i
material will assign the same set of properties to the surfaces AR
concerned. If the material is not found in this list, an errcr will i$§3§
occur. These material properties are currently a carryover from jﬁ;{:
NASCAP. New default materials will be included in future revisions. ’:f:_

If two sets of material properties are defined with the sane i:}:;*
name, or names with the same first four letters, two of the fifteen :Ejs;
possible materials are used up tut only the first set of material ?ﬂbﬁ
properties are used. For exarple, if GOLD is referenced tefore it is iiff,
defined in the runstream, the default material properties of gold will ;}?i;
be associated with all gold surfaces in the object definition file. e

. R S G . R Lo
T . o R S A A . U A . VR R T VRN UV TR W T T UL L. -
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TABLE 6/6

MATERIAL PROPERTIES

MATERIAL it ALum

PROPERTY

CIELECTRIC CONSTANT
THICKNESS
CONGUCTIVITY

ATOMIC NUMBER

DELTA wax JCOEFF

EemaXx YOEPTHas=]
RANGE

EXPONENT > RANGE
RANGE > EXFONENT
EXPONENT

YIELD FSR IKEV PROTONS
MaX 0€/0x FOR PROTCNS
PHCTOCURCENT

SURFACE RESISTIVITY
SPACE DISCRARIE 20T°L
INTERNAL JISCHARGEPOT L
AA0N INQUCEDCONQ*YCOEFFT
JAON INDUCEDCONC*YPO4ER
CENSITY

wATERT AL 2: ACua

PRQPERTY

DIELECTPIC CCNSTANT
THICANESS
CONpUCTIVITY

ATOMIC MNUMEER

CELTA wax YCJEFF

E=vaAx OEPTHaAm-]
RAMGE

CXPUNENT > RaMNGE
RANGE > EXPONENT
EXPONENT

YIELD FJOR IKEY PRPQTGNS
“ax DE/0X FIR PRCTONS
PHOTCCURCENT

SURFACE CESISTIVITY
SPECE JISCHARLE POT'L
INTERNAL DISCHARGELQT'L
RACN INMCUCEIGCINO®YCAEFFT
RaCN [MNILIEDCSAG’YPOwCR
GENSITY

INPUT VALUE

iec0e0CC
1e30-2C2
-.eCrecae
l.2C+CC1
9,7C=C3J1
3.50=101
l.540C2
8,00-3C1
2.204232
i.T76+CQ0
Qe =Z31
2.37¢7G2
4,0C=23F
=..J0*25C
»e329C38
2eIC=CG2
secI=C13
LeC3e3322
1.00+052

2.20+C01

(NCNE)
“ETERS
MHC /™
(NGNE)
INCNE)
KEV
ANG,
(NONE)
‘NGl
INONE)
INGNE)
LY
L/Vem?
ONMS
voLTS
4oL TS
HCMS S
INCNE)
NG /Me S

INPUT vaALUE

l.50+c00
L1e2C=C33
~leiCeCl3
0e37¢C50
1eu0+31C
Ze20=701
~le.2C+C32
el
ce3C*Z5C
lelZe2l
4eS5=CC
Laver 2
Sel2=3GS
=leslerln
Lesleu
Z.30032
ceGi=24?
i.al°C3C
L.sCe2273
Cell+C31

INCNE)
METERS
UNCI"
(NCNED
INGNE)
Y8
ANG .
{NCNED
ANG .
INCNE)
INCNE )
sEv
YA L P
OHMS
voLTS
VLTS
MRS S
tNCNE )
KG/vel

6.1-50

SCDE vaL.E

lecJeCl?
seul=0G2
“l.c0*0GC
1.39+201
9.18+2Q0
3.3C=-0G2
1.22¥+CQ2
3e37+00Q2
6-;9'301
l.76+0CC
JenuaCT
ce33eC22
4el1=C3S
=3445-712
seceClu
Ce3TeC13
Lec 7712
LeSl*2GC

1.30+233
«1.C0+20C

(NINED
“ESH
HG/IM
(NONE)
INONE)
ANG=~C]
‘NG.
ANGo
(NONE)
(NCNE)
(NONED)
nEV
LYALY Iy
veS/%
viLTS
VOLTS
“hOMS2S
(NONE)
KG/Me]

CGDE VvALUE

LesNe]C
ces0=2022
=lecZelCT
2e32*CCT
Teub*lul
weel=C3l2
S.a2¢C22
el
1e55e232
Lel2eN2C
4e35=731
ienwlel02
2s1C=rCS
=3.35=C17?
Jde0Zu
JeLCell

Leulenl?

avo

-

leLlen

 cauns
lellen3l2

~lesl*CLC

(NCNED
“EsSA
EHCIU
INCNE)
(NONE)
ANG=T,
ENT,
4\G.,
INONED
INCNED)
(NONED
nEV
VAL L Y
1=573
VCL TS
VoL TS
“MCeS
t8CHE

SVLLE
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TABLE 6/6
MATERIAL PROPERTIES (Continued)
“aATERIAL 3: CPal
PROPEPTY INPUT VALUE 2305 vaLuf
CIELECTRIC CIONSTANT 3.,50¢0C07 (NCNE)D 1.532GC (NONED
THICKNESS lecC=202 METERS 1e51=202 MESH
CONDUCTIVITY =1e50¢0C0 MHQO/™ =leule32C ®HI/M
ATOMIC NUMBER 5.030+C038 (NCNED 3009030 (NCNE)
DELTA wax YCOEFF Zel0*000 INCNE) 8.55¢QC1 INCNE)
E=vaX 3EPTHaS=; le230=CJ1 KEV deTU~002C ANG-C)
RANGE 7415221 ANG, “el9eTTY ANG,
EXPOMENT > RANGE secl=Z01 (NOGNE) Se3l°002 AAG.
RANGE > EXPONENT 3612732 ANG. 6.30-0G1 (NONE?
EXPONENT LeT7¢200 (NCNE) Le775308 (NONE)
YIELD FOR 1KEV PROTONS 4.55=001 (NONE) 455-0G1 (NONE)
mAX DE/OX FOR PROTONS LelzeCI2 KEV le470C2 KEV
PHOTOCURRENT 2¢3G=C3S Asmes 2.00=0Q05 A/vwss
SURFACE RESISTIVITY “leG2+00N ONMS “d.35-013 v=5/0
SPACE OISCHAPGE POT° L 1433+CC4 vOLTS 1430036 VOLTS
INTEOrAL JISCHARGEPOT L Ze3NeZ3T YOLTS ceuJ+NQT VOLTS
PACN INOUCEDCONQOCYCOEFFT 103C=012 “HOMSS cecT=G L3 muoMc?
RADN INODUCEDCINQ*YPOWL® 1ecPe28T INCNE) 14220727 (NINE)D
CENSITY 1636053 nG/ves Leul*33T AG/4e]
fedoll uge B § “lecJeN3C
waATEATAL +3: 300
PRQPERTY INPUT vaLuc CJ3€ vaLut
QIELECTRIC CONSTANT 1.C2+¢030 (INCNED 168J+23C (NONE)
THICKNESS 1+00-G03 “ETERS 1.36-0C2 MESK
CONDUCTIVITY «1«CC+C0T "nO/™ *1eJ7¢Q0C MHC/™
ATOMIC NUMBER 7.92¢031 (NCNE) Te37¢MQ1 (NONED
DELTA MAX JCOEFF 5¢80=331 (NONE) 24330350 INCNED
E=max JOEPTHee=] 54cC~C3J1 XEV 2052=0C2 ANG=C)
Pange 603%¢0G1 ANG. 6417001 AANS,
EXPGNINT > RMNGE F.uC=2GLl (NCNED SeaSe731 NG
QANGE > EXPINENT SeJSeCLL ANG, Yeol=323! U 0NE)
EXPONENT LeT¥*e00C (NONED 1eTTelLC (NCIhE)
YIELD FOf IxIv PRJITONS wed3=0C01 (INCNE)Y “eil=T21 (NCNED
MAX DE/OX FNR PRCTINS Le3€*202 XEv aeS85°002 «vuv
PHOTCCURPENT 2e9C=00S dyvme 2+37=025 t/ves
SURFACE FESISTIvVITY «1,5C*72C Inms “5eaS=CLT? V=3/3
SPACE DISChARGE ©5TeL LeuG*NTH VOLTS LecTeIsw VOLTS
INTERNAL OISCHARGEPITL 2437753 VoL TS Z.TTeQCI VOLTS
PACN [VILCEOCUNC YCOEFST 2es0=CLl3 vwmimss ielT=011 MnQus]
FACN INJUCEOCOND'YPOWCO 1+0C*74C INENE) Lelle2Ul INONE)
JENSITY LesCeNZY G /e secCet33 K/ e
2.30+0351 =ieude"l0
~ u N - .. “ e “w P . “w - “--. Te Y \_‘- -‘; .‘ _-.\
e e L e e e L B T G e S U L S S s
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MATERIAL PROPERTIES (Continued)

wATERIAL  5: IND9

PQQPERTY

CIELECTRIC CONSTANT
THICKNESS
CONQUCTIVITY

ATOMIC NUMBER

DELTA vaX SCOEFF

E=-vax YOEPTHes=])
RANGE

EXPONENT > RANGE
PANGE > ExXPONENT
EXPONENT

YTELD FOR 1nEv PROTANS
“ax 0Z/0x FOR PROTONS
PHMOTOCURRENT

SURFACE RESISTIVITY
SPACE DISCMARGE POT'L
INTERNAL DISCHARGEPATL
2A0N INOUCEDCONG YCOEFFT
RADN INJUCEDCOND*YPQWER
DENSITY

waTERI AL 33 WAGM

PAQPERTY

DIELECTRIC CCNSTANT
THICKNESS
CONDUCTIVITY

ATOMIZ NuUMALR

DELTA MAX JCCEFF

EemAX YOEPTHew=_
QAMGE

EXPONENT > RANGE
RANGE > EXPONENT
EXPONENT

YIELD FQR LIKEV PROTONS
wax DE/ODX FCR PROTONS
PHOTOCURRENT

SUAFACE SESISTIWITY
SPACT JISCMARGE POT'L
INTENAL O ISCNARGEPOT L
PACN INJQUCEDCSNCCYCLEFFT
oA0N INOULCEDCIND'YPOWIO
NENSITY

TABLE 6/6

INPUT valLuE

1.52°C33
1.0~ 3C3
wl e 3008
2. ““’Cﬂl
Leule020
decl=nal
=1.3C+0Q30
20
7T.13+C3C
5¢535¢0C1
$e97=C31
wed¥e022
3.27=00
~lea8+CCC
1+50+0Q34
2430032
1.06-012
1.33+0CQ
1.30*0QC3

2+.3C+0351

(NCNE)
METERS
MNO/N
(NCNE)
INGNE )
KEV
ANG .
(NCNE)
ANG L]
INCNE)
INONE )
XEV

[ YAA L F4
Onms
vaLTs
VoL TS
MHCUSS
{NONE)
KG/M®3

INPUT ValLUE

1.25C+C22
ls ac=-C33
-1.55+C30
1.27+C31
Sel7=C21
Ze3Z=nT1
~1.3C+C320
]
1.74+GC0
2e4l+c32)
2.48=C31
2.30+002
4,53=008

cma
‘.o_u‘-.-

i Setak Jefvh
.031"13
LecTellT
1632003
Zeu3+Cal

TR
BN N ~p e a

(NCNE)
METEPS
MHC /™
INGNED
(NGNED
KEV
ANG.
(NONE)
ANG .
INCNED
INCNE)
ME Y
LYAL L ¥
CHMs
VeLTS
VoL TS
“HCMS 3
(NONE)
L*WAL B

CC0E VYhaLuE

Le3C 6040
1.37=332
~1.35+0560
Zeuberly
Jei2*3LC
10“9'432

1.57’”

33

231+C30
1.97+200
4,97=C31
iel3eCl2
e0d=2GS
-3,35=-"37
ieJ0+0Gu
2304033
l.30~-013
1.C3+000
1.37+003
~1,u3+007

INOMNED
YESH
I“O/'ﬂ
(NONE)
INCNED
ANG=T
ANG .
ANG .
(NCNE)
INONE)
(NONE)
XEgV
Afwes?
v=S/3
VOLTS
VCLTS
MHOMS3
(NONE)
KG/M=3

SO0E vaLus

LecZe3C
1.23=002
“ieoalelll
iel” C“
7.32+C40
2790232
6,96+35020
ngﬂ
1.75+23C
1.33+00°
Zeddal3l
2432+822
“eln=02¢
-gedS=l2L!
LecTelCH
JelleC!
1.37=313
Leldegt
lecleCl?

“iecelC2

(NONE)
“ESH
“no/s/ ™
(NGNE)
(NONE)
ANG=3)
ANG o
ANGe
(NCNED
INONE)
INONED
KEV
LWAL L ¥}
ves/¢
voLTs
voL TS
MMOmMS 2
INCNE)
LYV R S
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TABLE 6/6 N
0 . ARV A
2 MATERIAL PROPERTIES (Continued) g
_‘\?'u h ]
: \jﬁ
MaTERIAL T: SCRE . $:S
PROPERTY INPUT vaLuE CC3E valLug . ‘JQ
1 CIELECTRIC CONSTANT 14o0e32C (NONE) L1eul#CIZ INSND) 3
2 THICKNESS LelC=ClY wETEPS 1e20=002 “ESn ]
3 CoONGUCTIVITY “lelfeNI3 wHO/M ~lei3e3S2 wmo/v PlRT!
. ATOMIC NUMBSER 1452723 INCNED Le33+CO7 (MONEH DSy
5 DELTA vwax 3COEFF .2 INCNE ) oo (NOKE) NCSES)
6 Eenax JDEPTHa®w=1 1.2C+038 nEV 1e38=2C1 ANG=2Y RSN
7 RANGE Leu0eCG1 ANS, 1e33+0C1 inG. araY
8 EXPONENT > RANGE 1453¢C50 INCNE)D .32 ANG. R
9 RANGE > EXPONENT 2 ANG . le3C+C52 (NONE)
1c EXPGNENT 1.CCeGa0 (NONED 1e30¢2JT (INCNE)
11 YIELG FOR IKEV PROTGNS .30 (NONE ) e32 (NONE)
. 12 “ax JE/0x FOR PROTONS Lel0*CC3 ®EV 1e53e33C KEV
13 PHOTOCURRENT o3? YL TP, oln A/ves?
ie SURFACE RESISTIVITY =.eGC*32C OnMS ~8.85-913 v=5/2
1S SPACE DISCHARGE POT L 1e2Ce0C4 VOLTS LeCCefG4 VOLTS
16 INTERNAL DISCHARGEPOT L 2430+032 VOLTS 2432202 VOLTS
17 RACN INGUCEQCOND°®YCOEFFT 1497=C13 MHCMS3 L1eGC=213 wHOmSI
18 RAON INDUCEDCOND*YPQWER 1.58+C20 (INONE) L1eJC+0CE (NCNE)
) 19 GENSITY LeSC*GC3 HG/MeT 1e5TeAGT KG/MeT
, 20 Zel0en31 ~1.703+0GCC
N MATERISL  3: wxaPT
. PRQPERTY INPUT VaALUE COCE VaLuE
1 BIELECTRIC CONSTANT 3.57+C00 (NONE) 34504020 (INCNE) i =y
2 THICKNESS 1e27-C56 “ETERS 1.07-007 MESH L
3 CONQUCTIVITY 1402=C1l6 wwa/m L1e2C=0i6 wHC/Y P
. ATGMIC NUMBER 5.2%¢639 (NCAED 5.20+02% (NONE) Fata
5 OELTA wax >COEFF 2410030 INCNE) Bes6°70U1 (INCNE) ot
6 E~MAX S0EP THam=] 1e3T-251 KEV 8.76=322 aNG=C1 AOSA
7 AANGE 7.15+231 ANG. “.294C31 A%G. EORM
[ EXPONENT > RANGE 6+35=C31 INCNE) 5.52+752 anG. DAY
? RANGE > EXPONENT 3.12+032 ants, 64GC=1C1 (NONE) {: i
10 EXPONENT ie7Termgn (NCNE) 1e77¢3CC (NCHE) A
s 11 YIELD FOR IKEv PROTCNS 4435=2C1 (NONED 4a55=031 (NCNF) AN
3 12 ®Ax 3E/0X FQR PROTONS La85e052 My 1ew10702 ®EV RONY,
) 13 PHOTOCURRENT ie3T=3C5 A/ves 2.0n=00% a/une j;’.
. 18 SURFACE AESISTIVITY 1s3C+Cl6 OnMsS 8435033 v=5/C DY)
1S SPACE OISCHARGE POT°L 1.20+854 voOLTS 1e0J3+Z204 VOLTS e
; 16 INTERNAL OISCHARGEPOT L «C2+037 VOLTS 2430007 VCLTS e
17 RADN INOUCEGCONO*YCGEFFT 1e3C=NLT whOMSZ 1.C5="1T MHCH4SS -
18 RAON INOUCEQCONG*YPOLED 1430+2G0 (INCNE) 1e2T¢0.2 (NONE) A
19 0ENSITY 1+30+303 wG/Mse? 16300022 KG/veD . .
20 Z+3CeNG1 1.27=216 y
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TABLE 6/6 e
L )
MATERIAL PROPERTIES (Continued) ;.;‘_i;_.
u- t. “
I-PI 'l'
'S
SRRl
s_,\‘_‘.j
A,
NN
MATERI AL 9: NPaAp ﬁfsz
)
3._«._5
PRQPEATY INPUT vaLUE CSCE vaLue JaO
1 OIELECTIIC CONSTANT 3.5C+530 (NONE) 3.3C4C3C (NSUED "
. 2 TRICANESS 3.30=-C35 “ETEOS 5450056 “ESH S
3 CONDUCTIVITY Se3C=L4 wNOym Se7C~ClU4 MHG/™ . N
“ ATGMIC NUMBE® 5.30003C (NCNE)D $.J7+°G0 (NCNE) o~
S CELTA “aAX  >COEFF 2412733 (NCNED 2.35+CC0L1 tNONE) y
6 E=max JOEPTHSw= 1e37=031 xEv Ioul=~732 ANG=C3 >
- ? PANGE “leJC*CIC ANG. 1455032 anc, N
L] EXPONENT > RaANSGE «32 {NCNE) ot} aNG. s
9 RANGE > EXPONENT leSS*C0C ANG. LeSle2nC (NONE) \
10 EXPONENT 9.33+03C (NCNE) 1esG*A37 (NCNED -
11 YIELD FOR LhEV PRQTONS “eS%=C5) (NCNE) 4e35°521 INONE)
12 “ax DE/OX FQR PROTAINS 1a87e0C2 KEY Le4T232 KEY .
13 PHOTICURRENT 2030=355 Asves] 2eC0~03S A/Msel )
14 SURFACE RESISTIVITY 1030001 0w 3435¢72C v=cs3 .
15 SPACS OISCHARGE PQOT*L LeaCen3u VOLTS LeG2+A54 VOLTS e
16 INTEINAL DISCHARGEPQT®L 2.27203 vOLTS 2.0C+2C3 VOLTS F
17 QAON INOUCEGCCOND*YCOEFFT 14G0="13 “pMOMS3 Lel0=0317 MHOMS3 E- )
18 RAON INDUCEDCONG*YPOWER 1200350 INONE) 1.CC+982 (NONES S
19 DENSITY 1.32+032 KG/Me3 16324002 KG/MwI BENCR
20 2.3Ce0C1 5.9C~-714 SR
SN 5
wATEQTAL 13: sI02 RSN
St
PROPERTY INPUT VaLuE CCOE vALuE el
1 CIELECTRIC CONSTANT “I0¢C3C (NONE) *e324222 (NONES Pod
2 TRICKRNESS 1.27=%3u ®ETERS 127907 “ESH Lf_:,
3 CONGUCTIVITY 1e3C=Clu MHG/M 1.50~Clu wNQ/v NN
. ATOMIC NuMeER 143C+001 (NONE) «30+C31 (NONE) e
H DELTA MAX  SCOEFF 2440030 (NONE) 1.4£+301 (NONE) Al
[ E=smay dOEPTHSe=] 4.30~-001 ®Ev 2e¢21~002 ANG-0} xfuf\
7 RANGE 1.16+002 ang, 9,42+201 aNG, A
8 EXPONENT > RANGE Beln=231 (NCNE) 3441+CC2 ANG. AN
9 RANGE > EXPONENT 1.83+002 ang. 8.10~301 (NONED ¢
10 EXPONENT 1+36+C30 (NONE) leab+dCT (NINE) — .
11 YIELD FOP I1KEv PQOTONS +e35=C31 (NGNE) 4e55=CC1 (NONED NG
12 MAX CE/DX FOR PROTONS 145002 KEV L3032 wEV TN
13 PHOTOCURRENT 2420038 A/vee] 2430005 a/mew? L
1w SURFACE PESISTIVITY 120+CL9 Qnms 3ec5%056 V=S/C S
15 SPACE DISCHAPGE POT L leiC*338 VOLTS 1e37¢0CH VQLTS PO
16 INTERNAL OISCHARGEPOT L e22+CT3 VOLTS ZecJe32T VOLTS AN
17 PAON INDUCEDCCNG YCIEFFT 1eGC=7.2 MnQms3 1429211 wngMil -
.8 PACN INGUCEDCOND'Y®OwiP LeGCel30 (NCNED 1.57+750 (NCNT sy
19 CENSITY 1e0CeNCY WG /mwy 1e03eCTI wG/MwD e
20 2.30+0a1 3.33-G1l4a f:::.
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TABLE €/¢6

MATERIAL PRCPEKTIES (Contirued)

MATERTIAL 11: S0LA

PRQOPERTY
DIELECTRIC CONMSTANT
THICKNESS
CONDUCTIVITY
ATOMIC NUMBER
DELTA “AX SCIEFF

EemaXx dPEPTHES=]
QANGE

EXPONENT 3> PANGE
RANGE > EXPONENT
EXPONENT

YIELC FOR IXEv PROTONS
wax OE/OX FCR PROTONS
PHOTOCURRENT

SURFACE RESISTIVITY
SPACE CISCHARGE POT L
INTERNAL DISCHARGEPOT'L
RADN INDUCEDCCNO®YCIEFFT
40N [NOUCEDCONC YPOaEP
CENSITY

“ATEQIAL 12: TEFL

PROPERTY
OIELECTRIC CONSTaNT
THICKNESS
CONQUCTIVITY
ATOMIC NUMBER
DELTA MaAX YCQEFF

Eemax YOEPTHeR ]
RANGE

EXPONENT > QANSE
RANGE > EXPONENT
EXPONENT

YIELD FOR IKEv PROTONS
wAXx DE/OX FOR PROTONS
PHOTOCURRENT

SURFACE RESISTIVITY
SPACE CISCHARGE POT° L
INTERNAL OISCHARGEPRPOT L
RaCy IADUCEJCOINGYCIEFFT
SAQN [NODUCEUCIND®YPOWER
JENSITY

INPUT VALUE

1.4C+0C0C
1e79=224
1.20-C17
LeolerCl
2e35¢03C
welC=C2

T.7%5+201
we5C=001
1.56+032
1.72e330
Zeuu=~C01
20228302
2eo0N=008
secleri
L0224
ce3C+NC3
ielC=C12
LelfeCin
1e3C-C22
ceule031

(NONE)
METERS
LY
(NSNED
{NONE)
KEV
‘NG *
(NCNE)
ANG .
INOQNED
(NONE)
nEY
A/vnel
Omes
voLTS
VoL TS
“MOMS2
(NONE)
KG/ue3

INPUT VALUE

cezZeClC
LedT=3C4
ieGC~-Cls
7.53+000
3.5Ce0CC
J«JC-C01
+e54721
V.JC‘GGI
Ze134202
1770350
4.55=CC1
1.40+CJ2
2.50-0d5
1.30+016
1e32+CCu
CeldCeCI2
1.2C=C13
LelC*rl0
ieCenll
2.3%.001

(NCNE)
METERS
MHC /™
(NCNED
INONE)
KEV
ANG .,
(NCNE)
‘NG.
INONE)
(NCNE)
KEV

A/ vam?
OMMrS
voLTsS
vOoLTS
YHOMS3
(NCNE)
KG/us]

6.1-55

COCE vatLuE
34300232 (NONE)
1+79=203 “ESH
1.3C=Cl7 ™nHO/™
1.J2¢CQ1 (NCNED)
1e31e701 (NCHED
3172222 ANG-TL
3,49231 ANG,
2.72+C02 ANG .
©e33=G1 INOND)
1.73e2507 (NONT)
J.48=TC01 (nCMNE?
2.30e232 wEV
Cewo=olS Lymmew
3,85*3%56 V¥=S/3C
Le23*006 WOLTS
C.a2e301 vOLTS
1e0C=017T MRC™SS
1eael22 INCANE)
Lo Ne?Q? G/ S

ledl=217

CCLE VALUE
2e3Je02C (NCHE)
LeQ7=232 MESH
1e3dN=C16 N0/
T.cN+QCC (INONED
2427001 (NONED
3.33=-702 ANG=")
le31¢I31 ANG.
1ea3°CT2 ANG.
4e3=0C1 (NONE)
177+03C (NONE)
4e55-C31 (NONE)
lew7¢002 KEV
2¢30=0Q5 A/mse?
3859032 v=S/Q
1e32¢0Q4 VOLTS
24J9C52 VOLTS
LewT=f13 “HOMSS
LealeIlC0 INCNED
1e¢2C¢N07 nG/MeT
1.uC=0l6
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TABLE 6/6
MATERIAL PROPERTIES (Concluded)

MATERIAL 13: SILv

PRQPERTY INPUT vaLUE
OIELECTRIC CONSTANT ieJ2+0CC (NONE)
THICKNESS 1.GC~003 METERS
CONQUCTIVITY «1.00+000 “HC/™
ATOMIC NUMBER 4.7C+C31 (INCNE)
DELTE wax 3CQEFF «30*NCO (NONE)
E=max YOEPTHe®=] 8.,3C0-001 ®EV
PANGFE B.45+CGC1 ANG,
EXPONENT > RANGE 2¢22=2G1 (HONE)
RANGE > SXBOCNENT T.34+251 ANC.
EXPONENHT Le74eCCZ (NCNE)
YIELC FOR IxEv PROTONS 4.3C=031 INCNE)
wAX CE/OY FOR PROTONS 1e2202C2 MEV
PHCTOCURRENT 2e90=C3S A/™es]
SURFACE RESISTIVITY =1e20¢023C OWPS
SPACE DISCHMARGE POT°L 1.3C«CGu vCLTS
INTERNAL DISCHARGEZPOT'L Zeole00Y VOLTS
RACN INDUCEGCONG YCOEFFT LeSC=CLl3 MHOMS
PADN INOUCEDCIND'YPOWER 1e%0+C07 (NCNE)
CENSITY 1630420 uG/wwd

2306021

6.1-56

CODE VALULE

ie33e2C3
1.90=032
=1.3C*0G0
4e73+131
3.39+C47
i058=002
5093701
le38+0C2
3.57-031
leT8eClC
4.372=2312
legZvCl2
Ze90="CE
~5ed5=21"
Le37+0CH
ceadeC2
lecl=n12
1e2.3°2CC
P IvE 3 Jold

~1l.J7enlC

{NOKE )
mESH
K0/ -
(NONE)
(NONE)
ANG=2)
ANG .
ANG,
{NCNE D)
(NONE)
{NCONE)
gV

1 /Mew?
v=S/¢
VoL TS
VCLTS
MHOuS?
{NCNE )
LYYAL D
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6.1-57
If a material called 'GOLC' or 'GOLDPD' or 'GOLDXXXX' is defined later

with different properties the number of materials POLAK thinks it has
will be increased by one, but the new properties will be effectively
ignored. Multiple definition of materials should be avoided. Note,
however, that if any of the default materials are explicitly defined
before they are referred to in building block definittons then POLAR
will make no attempt to find them in the list of default materials anc
the materials will not be multiple defined.

tala"a

\
o
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6.13 THE OBJECT DEFINITION FILE - ANOTHER EXAMPLE

y We are now ready to bring together Sections 6.10-6.12 and

. examine the structure of the object definition file. The general form
‘: is shown in Figure 6/17. The materials are defined first, followea by
- the building blocks associated with each separate conductor. The use

of COMMENT cards allow the logic of the definition of a complex object
to be followed more easily. Finally the whole file is terminated with
an 'ENDSAT' statement. An actual example is shown in Figure 6/16. It
consists of a central RECTANgular tody connected to two GSPHFERES at

Wil

N the ends.

N

\

" A 3D-VIEW (6.20) of the object produced by VEHICL is shown in
v Figure 6/19.
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o NI
,‘.‘; _\:J_‘.r
> 1 SCOMMENT UORKED EXAMPLE (SECTION 6.13) U
b 2 COMMENT MATERIAL DEFINITIONS -
J1COMMENT FOR PRESENT PURPOSES, ALL PROPERTIES ARE ‘KAPTON”
4:COMMENT EXCEPT THICKER
N S:TKAP
' 6 3.5,.01,1.E-16,5.,2.1,.15,71.48, .60,
) 7 312.1,1.77,.455,140.,.00002,1.E+16,1.E+4,2.E+3,
83 1.E-13,1.,1.E+3,20.

9:COMMENT USE DEFAULT KAPTON AND GOLD VALUES
10:COMMENT DEFINE THE MAIN BODY AND TOP SPHERE TO BE ON
11 :CONDUCTOR 1

12:COMMENT MAIN CUBOID BODY

13:RECTAN

141CORNER -y -1 -2

1S:DELTAS 3 3 4

16 1SURFACE +X GOLD
171SURFACE -X KAPTON ;
18:SURFACE -Y KAPTON .
191SURFACE +¥ KAPTON e
201SURFACE -Z KAPTON 2
211SURFACE +Z TKAP
221ENDOBJ
231COMMENT TKAP SPHERE ON TOP
4\ 241QSPHERE SR
I 25:CENTER @ @ 3 T
IN 26:DIANETER 3 Ry
i 271SIDE 1 A
7 2B1MATERIAL TXAP Ol
N 29:ENDODJ RS
TN 30:COMMENT PUT THE BOTTOM SPHERE ON CONDUCTOR 2 Ch
311 CONDUCTOR 2
32: QSPHERE ~
~3 331CENTER 0 @ -4 TR
F‘u 341DIANETER 3 AR
™ 351S1DE 1 RN
~ 36:MATERIAL GOLD NS
) 37:ENDODJ
2 EoF 3:aiaxennsm' MY
® ] "at
2 Eor noa e
. et
- AR
L_-.‘ ‘:-\.s
b N
" A
X NN
% S
o i-. -
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Figure €/18. Cbject definition file. ;_;_\‘
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6.14 OBJECTS WITHIN OBJECTS: VARIEGATED SURFACES ;i?ﬁi
L

POLAR makes it easy to define surface: that are made up of mecre .

than one material. For example, we may wart to define one face of a %&? J
cube to be mainly KAPTON but with a patch of say GOLD in the center gg%?i
(Figure 6/20). We begin by defining the cube with a KAPTON face. The !33 '
. center surface cell is then replaced with GOLD by defining a second : ‘o
smaller cube inside the first cube. The second cube is defined so ]
that one of its faces is coincident with the KAPTON face. The surface t'l':
common to both cubes is then associated with the material on the face iif?:

of the second cube, which in this case is GOLD. This is shown in
Figure 6/20.

The object definition file associated with this object has the ;5&;;

form: P e

COMMENT VARTEGATED CUBE B

RECTAN

CORNER 2 -2 -2 ane,

DELTAS 3 3 3 e

SURFACE +x  KAPTON :22‘:?

SURFACE —x  KAPTON Ttk

SURFACE +y  KAPTON VN

SURFACE —y KAPTON e

SURFACE 1z KAPTON o

SURFACE -z KAPTOM SR

: ENCOBJ R
RECTAN -1o-l -l N

: CORNER R
' DELTA 1 1 1

- £

; SURFACE -z GOLC DN
: ENDOEJ N
; ENDSAT A
. b
' ol -4
: 2T
3 e
. STy
: P \.‘
! s
e RIS
RCARLCPCT SN e T T o e e e e e e e e T e gy e et e
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A variegated surface gefiniticn.

Figure €/20.
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6.1-62
The same principle can be applied to any of the builging
blocks. Exposed surface cells common to two or more building blocks
are assigned to the material of the most recently defined block.

Two special building blocks are supplied specifically to create
variegated surfaces. PATCHR and PATCHW define a RECTAN (cuboid) and a
WEDGE respectively, that may be used to "patch" other objects without
adding to POLAR's 1list of filled space. The use of actual RECTAN and
WEDGE blocks inside others is also perfectly legitimate, but adds to
the internally used surface list. The use of PATCHR and PATCHW
reduces the likelihood of a protlem occurring due to the list
overflowing.

The object shown in Figure 6/20 could also be defined using
PATCHR:

COMMENT VARIEGATED CUBE (PATCHR)
RECTAN

CORNEK -2 -2 -2
DELTAS 3 3 3
SURFACE +X  KAPTON
SURFACE -X KAPTON
SURFACE +Y KAPTON
SURFACE -Y KAPTON
SURFACE +Z KAPTON
SURFACE -Z KAPTON
ENCOEJ

PATCHR

CORNER -1 -1 -1
DELTAS 1 1 1
SURFACE -Z GOLD
ENDOBJ

ENDSAT
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6.20 VEHICL

The VEHICL module is used to interpret the object cdefinition
file (Section 6.10) in order to create the various tables and lists
necessary for the other modules (Sections 5.23-5.25). It also can
produce two separate kinds of object plots. By using appropriate
keywords, either material or perspective plots are produced after the

object file passes through the initial definition processing. :::ﬁ
I
When using keyword inputs, each line (or card) is expected to EEEE:
contain one keyword followed by its list of parameters. After the o
keyword and parameters have been completely defined, the rest of the
1ine is ignored. Several characters are ignored by the input
routines, namely extra blanks between words (though some type of
delimeter is necessary), equal signs (=), and commas (,). A1l input
is read using free formatting with lower case characters being
converted to upper case, and real nunbers may be entered as integers.
VEHICL will need the following permanent files: 2. (for
graphics output), 11. (MSIO), 19. (MSIO), and 20. (the object
definition file, used as input). The following temporary scratch
files will also be required: 3., 14., 17., 18., 21., and 27.. A1l of
these files should be assigned with large storage limits.
€.21 VEHICL KEYWORDS
The specialized VEHICL keywords fall into three general
categories; object definition, graphical output, and diagnostic output
control. (See Table 6.21/1 for a brief summary of the keywords.) The
diagnostic keywords are described in detail in Section 6.22.
Additionally, all of the general POLAR keywords (Section 6.70), except X
SELECT, are recognized by the input routines. SELECT cannot be used
by VERICL because the grid information needed by the subroutine, MREUF
(5.30), is not necessarily well defined.
] e
A
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6.2-2
If an unrecognized keyword or an invalid use of a keyword is
discovered, VEHICL issues a warning or an error message then
terminates batch runs or reads the next input in the case of
interactive runs. By default, VEHICL believes it is being run
interactively. The keyword BATCH (see Section 6.70) will place VEHICL
in its batch input mode.

The recognized keywords which control the object and grid
definition are:
NXYZ

NXYZ defines the size of the object grid. This keyword
absolutely must be defined for each execution of VEHICL since there
are no default values for grid dimensions. The rur will
unconditionally abort in the absence of this keyword. An example of
the use of the keyword is

NXYZ 6 7 8
This defines an object grid which has six nodes in the X-direction,
seven nodes along the Y axis, and eight on the Z edge of the grid.
Note that these numbers are in nodes, not elements. Soal x 1 x 1
cube would require a grid of at least 4 x 4 x 4 since object itself is
2 x 2 x 2 nodes and none of the object's vertices are allowed to touch
the grid boundary. In general, extra space around the object is a
good idea, especially if the object is centered asymmetrically in the
grid and the object may be reoriented within the object grid later
using ORIENT (6.30). These problems can also be avoided if an odd
number of nodes along each axis are used. For more information
concerning the declaration of object grid size, please see Section
€.10.

DXME SH

DXMESH defines grid size in meters. For example,

DXMESH = 2.0
would define a grid spacing of two meters, while
DXMESH .01
'iﬁ”"*k#ﬁ“?ﬁiﬁﬁ!ﬁiﬁ?"ﬁ*F#ﬂﬁlﬁﬁﬁ“#fﬁ;#iﬁTGﬂ“szVﬁ?ﬁf
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6.2-3 S
3 sets the spacing to one centimeter. The default value is cne meter. ::;:Z'.';E
S
N This size may be easily changed later during NTERAK. RS
’ ook
.
LS PREFIX :...:_'._:‘
9 ".:'P..j
) '::“::"4
): PREFIX is used to declare the object file name for the UNIVAC Zj:-\.,-.j
] D SR
< version of POLAR. The CYBER version expects the object definition to ""‘“
: ‘ be located in file 2Q, so the PREFIX keyword is not needed. 4
b~
.Z In the UNIVAC versicn, VEHICL must know the file's name in order
2 to be able to find the input. If this keyword is omitted in the __.
& UNIVAC version, VEHICL will terminate with an error message. As an ;'.'_:'_.,E'.
; example, :.‘;-:::,
W, P
, PREFIX MICRO ;.:-;.;:
2 causes VEHICL to read from the file MICROOBJ. Note the suffix OBJ T
ST
- must be used in all object file names. There is no default value for A
& this keyword. C::-.:'_:
y N
y DA
‘ GRAPHICAL OQUTPUT CONTROL KEYWCRDS T
3 MATPLOTS RN
i‘ hesed
The keyword MATPLOTS controls the plotting of material plots. R
_\ Material plots consist of six views of the object from each direction f_','f:j
> of all three axes. The surfaces of the satellite are filled in with )
N different patterns depending on their material type. It should be :;1
noted only VEHICL can produce material plots, SHONTL is not able to -,-.-:4
x duplicate them, although it can draw the same views withcut surface ;:‘_;:;?_
G
N material patterns. RN
. « :.-:.‘
* LIS
e To control this feature, use ,’L,’!
- MATPLOTS  YES i
* to turn it on and f:j::;':'.‘
P MATPLOTS  NO e
" to turn it off. By default, no material plots will be createa. :"‘7’
» e
% :.-_;;';:
v, ": _'f:
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6.2-4
The graphical output created by VEHICL is written on file 2, and
needs to be interpreted by the post-processor graphics package (see
Section 6.6). On the UNIVAC, this can be done automatically by using
the PLOTDEST keyword described below.

MAKEPLOT

MAKEPLOT controls the creation of perspective plots.
Perspective plots are views of the object as seen from infinity along
a user defined vector. Both hidden line and transparent object
drawings are produced. These views only can be drawn by VEHICL;
SHONTL is not able to generate them,

The keyword MAKEPLOT tells VEHICL how many views to expect. The
actual viewing directions are defined using the PLOTDIR keyword
described below. To set the number of views, use

MAKEPLOT N
where N is an integer from 0 to 8. A default set of views (along each
direction of all three axes) can be requested using

MAKEPLOT DEFAULT
cr just

MAKEPLOT
In both cases, PLOTDIR does not need to be used to aefine the views.

If no perspective plots are desired,

MAKEPLOT O
will disable this feature. VEHICL by default will not make
perspective plots.

The graphical output created by this command will te saved on
file 2 and can be interpretea by the graphics post-processor described

in Section 6.6. On the UNIVAC this may be done automatically by using
the PLOTDEST commard described below.
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PLOTDIR is used to define viewing vectors for perspective
plots. Each use of PLOTDIR describes one of the views from infinity
requested by the MAKEPLOT keyword described above. To actually
produce a plot, MAKEPLOT must be used. An example of the use of

. PLOTDIR is

PLOTDIR -2. +1.5 :1. .
would be a view along -2.0i + 1.5j - 1.0; from infinity. Default
directions can be defined with the MAKEPLOT keyword.

FLOTDEST

The keyword PLOTDEST is used to draw the plots created using the 2$:§§
MATPLOTS or MAKEPLOT keywords described above immediately after VEHICL p .
completes its execution. The keyword is only functional in the UNIVAC ﬁ&};ﬁ

version of POLAR. Of course, it is always possible to daraw the plots R
using the graphics post-processor (Section 6.6). N

In the S-CUBED UNIVAC version of POLAR, several plotting devices e

are available. They are the electrostatic plotter, the Calcomp and ;33:;:
the Tektronix 4014. To automatically draw plots on the later device, NN
one must run VERICL from the Tektronix where the plots are desired. !5>‘<
The general form of the PLOTDEST conmand is DAt
PLOTDEST destination Ry
AN
where destination can be blank, NONE, CALC (for Calcomp), ELEC (for NOCN
electrostataic) and TEKT (for Tektronix 4014). Leaving the ey
destination blank or using NONE results in no plots being drawn at the 5,5{
1 conclusion of VEHICL (again the post-processor still can be used); jﬂi%:
) - this is the default condition. RGN
“ng
; OTHER VEHICL KEYWORDS e
: SN
) N ohel
The following keywords are useful, or necessary, when running s:gﬁ%
2 o
VEHICL. They are also described in Section 6.7. F::;?
RN
RO
SN
b
] VAT
W
- e A e NN
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BATCH 3&~
3§§

This keyword causes the input to be read in a batch mode. The }{,

main effect will be felt when erroneous input is discovered. If this ﬁ§§
occurs while in the batch mode, VEHICL will abort with an appropriate ii{
message. The default input mode for VEHICL is interactive (see ft;
description of INTERACT below). An example is ) ;:5
BATCH

which places the input routines in their batch input modes. ;?f
COMMENT E}j
I

See description of REMARK below. The two keywords are ;E?
equivalent. 0S
DEFAULT :
"s

DEFAULT sets the VEHICL default values. In general, the ¥
defaults are for no diagnostic output, no plots, a grid spacing of S
1 meter, and an interactive input moage. The keywora LEFAULTS is féﬁ
equivalent to DEFAULT. An example is jii
DEFAULT s
VEHICL automatically calls the default routine before soliciting -
input. This keyword is most usedful when using the interactive mcde f?f
and the previous input has not been satisfactory, or in error. .;;
-

END '\u:‘
o

The keyword END is used to signify the end of input to VERICL. i~

This keyword should always be used at the end of a runstream, but if |

an EOF (end-of-file) is encountered instead, VEHICL will still
function normally.

B I
B -_...’_-"_1"-‘.."-"
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PR T A S N YR R AR AR PRI NIV RSN ’.a’.a\.h"..a\_a".e}.ﬂ-‘.L‘.i'A'.L.p .L.& ' .l .a}.l'
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. PACAY

An example is o

o

END ,.;;

No more input will be read at this point and VEHICL will begin ‘ N
. B Y S
operation. :;,:;,'::‘
».}'\':\‘

.3,'\3,\.

INTERACT :‘::_.:
als

'L.‘,-\;Z

The INTERACT keyword is used to place the VEHICL input routines A

in an interactive mode. This means that any errors encountered in the e
input runstream will generate an appropriate error or warning but will ‘_;_j.*-
not cause VEHICL to terminate its execution. This is the default mode -:—-.—-:
of input for VEHICL. To abort on the discovery of bad input, use the “
BATCH command described above. An example of the use of the keyword is :;flif::
AL

INTERACT N2

which will place VERICL in an interactive input mode. F_},_-ﬁq
N

e

REMARK o _:::?
RGNS

»
L

P !
~
e
it N

This keyword is used to insert comments in a runstream. When a

.
REMARK is encountered, the remainder of the input card will be ignored i
and a new card will be read. Any number of RENMARKS may be usea. An ’.:"Sf%
example of the use of the REMARK keyword is AV
RENARK THIS IS A REMARK er 3
A11 of the data on the card following the first REMARK will be ;-\.j\'j
ignored. The keyword COMMENT (mentioned earlier) can be substituted f.;“_l-:-j
for REMARK and is completely equivalent, for example, -t :"‘:
COMMENT THIS IS A REMARK TO0O. ‘..'_-‘.:Aa
_ And again, everything on the card which follows COMVENT will be ;2:_5;115;
i‘..: ignored. C
i ' o
e n
S .:':;-'
A o

NN L
N :-g
' ’ LR '.|
’?'4': ':‘.';'4
X2 i
o s
. A
- -
2 RS
.M_l.--' Cakia Caladl La &" . ;{‘;f_--‘:-’;l'.:-’-'_-';f;n‘;_{;v‘:l;f;‘-"(;",:'.x'f‘:'."_.\','\-:_:-._:-_;.‘_:..' .- .’.'.A.. 4'-_ j' ._;-_ :,\:_"-';x';' . t‘. ‘:.




BATCH

DEFAULT
DEFAULTS

DXME SH

END

INTERACT

NXYZ  ix

PREFIX

PLOTDIR

REMARK

length

iy

name

X

text

COMMENT text

y
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TABLE 6.21/1

SUMMARY OF THE VEHICL KEYWORDS

MAKEPLOT option

MAKEPLOTS option

12

PLOTDEST option

Z

Places VEHICL input routines in a batch
input mode. The default mode is
interactive. (See INTERACT.)

Causes text to be ignored by the input
routines. Text may be any set of
characters and numbers.

Resets options to default values. Called
automatically at beginning of VERICL.

Cefines grid spacing. Length is the gria
spacing in meters. Default is 1 meter.

Makes the end of the VEHICL input.
Should be included at the end of all
runstreams.

Places VEHICL input routines in their
interactive input modes. This is the
default mode. (See also BATCH.)

Controls number of perspective plots.
Valid options are DEFAULT (produces 6
default viewing directions) or an integer
from C to 8. The default option is O.

Control material plot production. Valig
options are YES and NO. The default is
NO.

Defines object grid size, where ix, iy,
and iz are integers defining the nurter
of nodes in the x, y and z directions,
respectively. This keyword must be
includea in all VERICL runstreams.

Defines the file name containing the
object definition. If the file rame is
CUBEOBJ, name would be replaced by CUBE.
(Keyword applies to UNIVAC only.)

Controls where plots are drawn at end of
a VEHICL run (UNIVAC only). Valid
options are blanks, NONE, CALC, ELEC, and
TEKT. The gefault is NONE.

Describes viewing direction, from

infinity, used to draw a perspective plot.

Causes text to be ignored by the input
routines. Text may be any set cf
characters and numbers.
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6.2-9

6.22 VEHICL DIAGNOSTIC KEYWORDS

There are several levels of diagnostic output available from
VEHICL by keyword instructions. None of it is of interest to the
casual user and is mainly a remnant of the code development process.
But sometimes errors, code modifications or just idle curiosity will
. require some of VEHICL's diagnostic output. By default, all VEHICL
output flags will be turned off or set to the lowest possible values.

The following is a description of the appropriate diagnostic
flags and their settings.

s DIAG General VEHICL Output
=0 No output.
b =1 A few crucial tidbits from the construction of
[ the A-2, KSURF, LCEL, and LTBL lists. o
y =2 More details concerning the construction of Ef: A
the various lists. v
|,
} =3 Still more information. RN
=4 Provides a great amount of details concerning Dot
VEHICL's actions. y::;;
[t »
IDIAGS(1) DCVCEL Information | S
AN
=0, 1, 2, 3 No output. ::f_j?
) KRN
) =4 Output from DCVCEL during the creation of the
SREL list. Also, information from the various
VCUBE routines.
] AR
=5 Additional DCVCEL data. AN
IDIAGS(2) CBUF Data Management :
=0, 1 Nothing.
=2 Output from BUFSET.
=3 OQutput from PAGER. o
-4 ATl of the information from PAGER and GRIDIO.
i -
] .-_'.-_".._' ’
l e
: CAESS
3 EUS g
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6.2-10 N
JDIAGS(1)  SREL Information —

=0, 1 No output.

=2 Print out LCEL and SREL lists. Also X
information from RECELL, SREL index to LCEL. Ve

=3 Print out preliminary LCEL list. RO

[N

+

&
R
)

=4 Detailed output from routines constructing
LCEL and SREL lists.

RSN NS
).0 4 N

Ca ¥ DT
x N
'." ‘I'IN

[/

JDIAGS(5) Double Point Data

|

Y]
4
AL

=0, 1, 2 Nothing.

l' l- ’. ” l' {
S ta
/ Il / l. [

‘u
:’-' -(l. a0

=3 Couble point locations from SPDPNT.

L

XA
=4 More double point information from SPDPNT. 4
h‘:,,-.
JDIAGS(9)  MTLGEN Information NS
<4 No information. gﬂai
A
=4 Material properties and final PSGV matrix. T
r‘vh
KDIAGS(1) NSIO information (UNIVAC only) LR
t‘.-t\
=1 MSIO routines echo calls to themselves. PN
Lk
=2 Perform tracebacks when called. o
OBJPRT level Output from initial object definition §E§%
routines. Acceptable level keywords are NO, At
SOME or ALL. N

l.

HIDPRT Tlevel OQutput from hidden line routine, HIDCEL. e
Valid level keywords are YES and NO. Note o
that YES will generate a vast amount of output. PR

IOGRID 1level Grid information. Valid level keywords are
YES and NO. Currently, this keyword is
deactivated.
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Some examples are

DIAG 3

IDIAGS(2) = 4

JDIAGS(9) 3

0BJPRT SOME

HIDPRT NO
This set of keywords would produce a high level of general information
concerning the mechanics of the object definition (DIAG and OBJPRT),
no MTLGEN or HIDCEL data (JDIAGS(9) and HIDPRT), and all of the
available CBUF information (IDIAGS(2)).

6.23 AN EXAMPLE OF A VEHICL RUN

In Section 6.13, an object was defined (Figure 6.1/18) and a 3-D
view of it was presented (Figure 6.1/19). Assuming the object
definition kept in a file called XMPLOBJ (UNIVAC), or on file 20
(CYBER), and the necessary files have been declared large enough
(6.20), Figure 6.2/1 shows the runstream (UNIVAC) used to draw Figure
6.1/19. The view used in the figure was the second one defined,

PLOTDIR 1.5 1. .5

1:18XQT UEHICL
S1BATCH
J1MAKEPLOT 2
4:PLOTDIR 1.5
S1PLOTDIR 1.5

: .8
6 1REMARK PLO?D§
1

R 3. t. 2.
73REMARK PLOTDIR 3. S. 2.
8tREMARK PLOTDIR 2. 1. -3.
9:REMARK PLOTDIR 2. 3., -1.

181PLOTDEST NONE
11 :MATPLOTS NO
12tDIAG 1
13:JDIAGS(1) @
14:JDIAGS(9) 4
1SIREMARK IDIAGS(1) &2
163INXYZ 16 16 16
17:DXMESH 1.
181PREF IX XMPL
191END

EOF 319

o)

Figure 6.2/1. VEKICL runstream used to draw Figure 6.1/19.
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6.2-12
In addition, several diagnostic flags were used which produced
about 2000 lines of unnecessary output.

The grid was chosen to comfortably hold the object. If this
object had been defined to be run later using NTERAK, the grid would
have been defined with more care with respect to the final desired
size. It is best to keep from defining a great deal of extra space in
the z-direction (or in the direction which becomes the z-direction
after reorientation) to prevent the needless 10 of oversized object
grid size tables (Section 5.3).

6.24 TROUBLESHOOTING VEHICL

Usually VEHICL will provide an explanatory error message before
it dies. The most common fatal error which currently has no message
or at least an opaque, user hostile message, is from DCVCEL in
SUREAL. The message, "#####-FATAL-FROM DCVCEL - ELEMENT NUMBER ...
DOES NCT CORRESPOND TO LIST ENTRY ..... ", results from the grid being
defined too small or the object being too close to one side.

What has happened is that somewhere the object has touched the
edge of the cobject grid. The cure is simply to try again with a
larger object grid.

Poorly defined objects or ambiguous double points also create
difficult problems. Some useful advice can be found in Section 6.11.
[f the definition process has proceeded far enough, it may be possible
to produce material or perspective plots as a visual aide (Sections
6.20 and 6.21). The SHONTL module may also be used to draw the object
or to print out some of the list output which has been saved in the
mMSIO files using CBUF storage functions (5.30).
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6.3-1
6.30 ORIENT

In order that the object may be defined in an arbitrary
direction or defined once and used in several orientations, it is
necessary to be able to automatically reorient the satellite. The
ORIENT module does this by rotating both the object and the object
grid. This is necessary since NTERAK assumes the largest component of
flow vector will be in the positive Z-direction, forcing a preferred
direction on the problem. This module allows the same object to be
studied in any flowing plasma without redefinition. Of course, if no
rotation is necessary, OREINT does not need to be used.

ORIENT uses as input files the MSIO output files, 11 and 19,
created by VEHICL. These files are also the output files, so they
should be copied if the VEHICL output is to be preserved.

6.31 ORIENT KEYWORDS

In general, the keywords which were accepted by VEHICL (6.2) can
be used in ORIENT since the two modules share many routines. Instead
of redefining VEHICL keywords again, a reference to the section
explaining the command will be given. The reader is also referred to
the general keyword input section, 6.7, for more information. Table
6.31/1 contains a brief summary of ORIENT commands for convenience.
The foliowing is a description of the set of ORIENT keywords.

VMACH

VMACH is the plasma flow direction normalized to the ion
acoustic speed. The entire problem will be rotated so that the
largest component of VMACH will be in the positive z-direction. The
rotated VVACH will be stored and will be the default value for the
NTERAK module. But the Mach vector can be changed later to any value
so long as the largest component is still in the positive direction.
An example of the command is

VVMACH 0. C. -8.

.........
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6.3-2

This would cause the object to be inverted so that the old negative
z~-direction becomes the positive z-direction. There is no default

value for this command.

an error message.
rotation.)

If it is not defined ORIENT terminates with
(This implies a default value of (0., 0., 1.), no

For a description of the following ORIENT keywords see Section

6.21.
BATCH
COMMENT
END
INTERACT
REMARK

BATCH

COMVENT text

END

INTERACT

REMARK text

VMACH x y

TABLE 6.31/1

A SUMMARY OF THE ORIENT KEYWORDS

Z

Places ORIENT input routines in a batch
input mode. The default mode is
interactive. (See INTERACT.)

Causes text to be ignored by the input
routines. Text may be any set of
characters and numbers.

Marks the end of the ORIENT input.
Should be includea at the end of all
runstreams.

Places ORIENT input routines in their
interactive input modes. This is the
default mode. (See also BATCH.)

Causes text to be ignored by the input
routines. Text may be any set of
characters and numbers.

Defines the desired orientation by the
sign and location of largest absolute
component. x y z is the three vector
describing the Mach vector normaiized to
the ion acoustic speed. This keyword
must be defined for ORIENT to execute.
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N Diagnostic output from ORIENT is obtainable by using the VEHICL
: diagnostic flags defined by Section 6.22.
b 6.32 RUNNING ORIENT o
" .c:.
Ay
; After the VEHICL output files (or a copy of them) have been ]
. assigned, the runstream shown in Figure 6.32/1 could be used to rotate L
;' the satellite defined by Figure 6.1/18 and pictured in Figure 6.1/19 g;ti
» '.-’._
3j so that neither of the two spheres point in the ram direction. After 3;u;
< e e,
) execution, the reoriented object can be viewed using the SHONTL module o
] to see where in the grid the object ended up. =
‘. NI
ol
2 =z
= @XCT ORIENT NS
& BATCH S
= REMARK ROTATE FIGURE 6.1/19 TO BE i
" REMERE CIDEWAYS R
e~ -1, C. 0. N
l.-'—\-\
FEMARE  THAT WAS EASY! T
N
Y
- Ficure 6.32/1 Sample ORIENT runstream.
Eecause the exact center of the grid is not necessarily on a
node, the object may move a grid space in one (or more) directions.
This can cause ORIENT to find an error during the SREL 1list creating.
The error is due to the object touching the object grid boundary at
some point. As previously menticned (6.24), this error is cured by
: expanding the object grid. Unfortunately, only VEHICL can do this.
- So object must first be redefined in a larger grid by VEHICL, then
N rotated by VEHICL. It is a good practice to add an extra node on all
X sides of the grid if reasonable when an object is to be rotated.
7
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An even better solution is to use an odd number of nodes along

Then the center of the grid will fall on a node and the

object should not touch the grid boundary in ORIENT if it did not in

each axis.
VERICL.
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6.45. SUMMARY OF NTERAK KEYWORDS

O
.' ﬂ

'.'i\
.

NTERAK is the program that calculates the plasma interaction and
vehicle charging. Its keyword control Tanguage has both 'verbs' and

]
e

'noun'-options. A run-language sentence is constructed in the %ﬁg
reverse-Polish sense, i.e., nouns first, verbs last. The NTERAK verbs 2?&@
are: ;ﬂk
PWASON - invokes the Poisson solution ;:n:
CURREN - invokes the sheath particle tracking R
CHARGE - invokes the circuit model update of surface potentials E fﬁ
ENDRUN - run finished L
The following is a list of the NTERAK keyword options. The s

first column is the keyword, the second column lists the possible jéiiﬁ
responses. Literal options are listed with the default underlined. A
Numerical responses are indicated by the default value in parenthesas :1;{
followed by the variable type I, for integer; F, for floating point :k\E
real number, E, for exponent type, i.e., 1.2E12, and L, for literal Eﬁ;ﬁ
{no quotes). 5?}3
e

i

RS

. .
A

R
N
T
DEACYS

L 4

.’
» e
(Y

L]
L

K |

A

L JE e
AN &

LY g
o

L SR S ATY '(',-.'," "

}"1‘.1: 22
Pl

°r
7

------------ P P e T e e e et e e e e N -
e N AT A e e e e Tt e T e e At ettt e s -
P, PP ORLFORIIE NI A AR alala s aakasss oo -f}.{‘ P R S S T e T T R S A N PP \":\ ~




:. M T g’ u 9,474 0" S Y A NN S OV N N Y W R T R N L WL VW R Ty T o T e T "-".'7.7'.‘7.-‘.3'.-"__{:3
: ‘.':.
]
6.4-2 o
3 0110 b2
N N VALUE, FORMAT EXPLANATION '
‘ e ‘\
. BATCH Keyword only to select %
) TRTERACT operation mode, turn prompts on or off, o
. etc. non-critical. e
" e
\ DEFAULTS Set or reset default option. “e
\ T
! ISTART NEW New run. Allows for the calculation of a7
y new GI's or the use of old ones if the * o
? computation grids are identical. Space ot
W potentials will be zeroed, and a P
w precharge step (automatic call to CHARGE) Y
o’ performed according to CHARGE options if N
- requested. et
b, Y & )
N CONT Continue a run, use old densities. Zi:j
X KRSt
3 IGICAL Ignored when ISTART # NEW. e
A YES - calculate new GI's SAY
- (expensive). Default for vl
. ISTART = NEW. S
T N - Use 1.0's everywhere. T
- OLOI - Use old DION's from previous I
- run. Mach vector and e
% computational grid should be PO
identical. Default for ISTART SEah
" = CONT. LA
: v
Y OLGI Use old GI's from previous run. O
[ ot
- SAVSET YES Equivalent of IGICAL = NO 3
overrides IGICAL = YES with e
- exception noted by GISAVE. 5
N NO Leave IGICAL = YES alone, NN
) SAVSET can be switched at 'f.;j
o location indicated by GISAVE. :j:f
= YA
GISAVE X,L #,1 Two fields following the -
Y,L #,1 keyword. X 4 means that at all I
Z,L #,1 nodes in the plane at X = 4, See
the value of SAVSET will be YOO
temporarily toggled. Up to NIy
nine planes may be entered. et
% I
N The combination IGICAL YES, SAVSET NO, and GISAVE Z -3, :{f:":
- GISAVE Z -4, would cause the neutral ion density i:ﬁ
3 calculation (GI's) to be calculated everywhere except at o
: Z=-3, and Z = ~4. [IGICAL YES, SAVSET YES, GISAVE X 4, o
GISAVE Y 5, GISAVE Z 12, would cause GI values to be O
of calculated at the point 4 5 12 only. .
, =5
<. s
A e
. 23
. .
= R
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2 POTVAL
CONDV

i INSULPOT
FLOAT

> FIXP

N BIAS

% RIJ

, CId
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; HELP
DXME SH

; NXAONT
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VALUE, FORMAT EXPLANATION

YES Use electric field corrections to the ion

NO density calculations.

NO Output of appropriate densities.

YES

PRE Starting surface potentials from a
precharge step.

CONS Constant surface potentials. Default for
ISTART=NEW.

(Ve1)s Initial insulator potential. Default is

E,E potential of conductor 1 (or Vc1)-

N pot Initial conductor voltages where N is the
conductor number (N=1 is ground
conductor) and pot is the initial
potential in volts.

DIFF Defines POTVAL to be the initial

CONS DIFFerential voltage from insulator
surfaces to underlying conductor or a
CONStant insulator surface voltage.

n Floats conductor n. If n (a conductor
number) is omitted, all conductors are
floated (the default condition).

n Vv Fixes potential of conductor n to V volts.

n V Bias potential of conductor n with
respect to conductor 1 by V volts.

i J Sets resistance between conductor i and
conductor j to r ohms. For r ¢ 1Q,
infinity (also default) will be used.

i J Sets capacitance between conductor i and
conductor j to ¢ farads.

Qutput summary of option.
F,E Grid spacing length in meters.
(0), 1 Number of nodes added to the object grid

in the +X direction to set up the
computational space.
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OPTION VALUE, FORMAT EXPLANATION ey
I
NXADNB (0), I Add nodes in -X direction. N,
A
. . PN
NYADNT (0), I  Add nodes in +Y direction. g
-.-’»’.:\
NYADNB (0), T Add nodes in -Y direction. o,
ot
NZADON (0), I Add nodes in -Z direction. b
Il

NZTAIL (0), 1 Add nodes in +Z direction (wake). "
g
IOGRID NO L Output grid information. b
REMARK o
COMMENT Comment out. Runstream options. P
NPHI (36),1 Number of zenith angle divisions for GI -.
calculation. e
NTHETA (180),I  Number of azimuthal angle division for GI ff'-"
calculation. B
R
NADD (2),1 Add extra vertices to object shadow in e
velocity space for GI calculations. fh}:‘E:j
SR
VMACH VX VY VZ,F Mach vector units of /kT/m. Default is -{‘\"

set by VEHICL or ORIENT.

DENS (1.0E11),E,F Ambient density in /m3.
TEMP (0.2),E,F Ambient temperature in eV. :E\
DEN2 (0.0),E,F For energetic Maxwellian in m-3, t._’
TEMPZ (0.0),E,F For energetic Maxwellian in eV. :?_
POWCO (0),E, F Power law coefficient /mZ.sec.str.eV. EJE
PALPHA (0),E, F Power law exponent. ":‘-'f’
PCUTL (1.0E2),E,F Power law lower cutoff, in eV. "'.z-
PCUTH (1.0E9),E,F Power law upper cutoff, in eV. :}-:{'E
GAUCO (0),E,F Gaugsian distribution coefficient | %‘.‘5
/mc.sec.str.eV. :"E

ENAUT (0),E,F Gaussian peak in ev. A
DELTA (0),E, F e-folding width of Gaussian. ‘{"’;
RATIH (1.0E4) ,E, F Ion to hydrogen ratio. ;"«
&

-
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0PTION
AMUION
BMAG
BDIR

BFIELD

FOR_PWASON

MAXITS
MAXITC
MINITC
RDRMIN

POTCON

IOCONG

[SPOUT

PDIE

SQALPH

VALUE, FORMAT

6-4-5
EXPLANATION

(16.0),E,F
(.4),E,F
(-1 00)

OFF L
O

(2),1
(10),1
(2),1
E, F

(6)

PART L
NO

FULL
PART L
LAST
NO

FULL

(20*TEMP)E,F

(3),F

Ion mass, in AMU
Magnitude of B field, gauss.

Vector direction of B field, normalized
by code.

Turn magnetic field effects on and off.

Space charge iteration limit.
Potential iteration limit.
Potential iteration lower Tlimit.

Potential convergence test. The default
value is number of nodes * .000l.

= log 10 (RDOTR(1)/RDOTR(v}), potential
convergence test.

Output control of potential calculation.

OQutput control of space charge
calculation.
To get final potentials from PWASON.

Maximum allowahle positive voltage in
screening calculation.

Space charge distribution,

B
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6.4-6 T
OPTION VALUE, FORMAT EXPLANATION :'x’ﬁ
AN
FOR CURREN NS
o s,
STHPOT PSIME, F Particle sheath boundary potsntial. Y
PSIM = £n(SQALPH*(xp/DXMESH)?) g
AR
NTABLE (10),F The number of entries in the table used e
by SHEATH to calculate presheath weights. e
SN -."!-
IPCNT (3),1 The maximum number of left and right E;__g
particle pushing sequences allowed. ;‘-uf_-'.j_q
‘-a::.r::ﬂ
CURPOT (-.45*TEMP), The potential at which the presheath ;yjuf
E,F weights are calculated. géjlﬂ
!..'!._’Lﬁ
)
FOR_CHARGE )
MAXITT (2) 1 Number of timesteps. :1:3
) .
DELTAT (No default)E,F Timestep, seconds, no default. gx,;
DVLIM (1000.)E, F Voltage change per step, in volts. Eifii.
ALY
IMPEXP IMPL Normal explicit-implicit sequence. o
EXPL Explicit only. 67::%
VLTFIX (VE),E,F Estimated potential crossover for S

non-charging surfaces. (Used as a
boundary on ca1§91ation.} Vg =
(AMUION*1.67x10%7/9,1x1031).

VF IXHI (~10000) ,E,F Estimate of upper (charging cases)
crossover potential. Used as a boundary
to try and Timit voltage swings. Volts.

DVTEST (5),E,F Guess used in first CHARGE cycle for
voltage change in previous timestep.
Volts.
) .
E VWIGGL (.001),E,F Minimum change forced when a surface is
near its equilibrium.
!
) XDVFAC (2),E,F Multiplies DVLIM to be used in first
y trial of a CHARGE cycle to guess the
. potential of the crossover point.
N
I
I
\
‘ e
' ,"-_' :‘.|
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'h'_ )
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OPTION VALUE, FORMAT EXPLANATION

FOR_DIAGNOSTICS

IDIAGS(#) Diagnostic and output controls, see
JDIAGS(#) Section 6.45.1",

KDIAGS(#)
IBIAGS(#)

OUTPUT sec quant Sets a set of DIAG flags appropriate to
subsection (sec) and quantity (quant).
Valid subsections are TIMER (run time
information), PWASON, CHARGE, CURREN, and
NEUDEN (the neutral ion density
calculation). Valid quantities are HIGH,
LOW, and OFF. Defaults are set to LOW
for all subsections.

SELECT options Used to select specific Z-slices from
large tables for output. Also can b2
used to turn output of a data set off (or
on). The various options are described
below.

SELECT name 1list ENDLIST Name is a buffered name (5.30) which is
sliced. list is a set of integers
separated by blanks which are object grid
Z-slice values (e.g., to get IZ=2 and 3
of POT say SELECT POT 2 3 ENDLIST)

SELECT ALL Turns on or off output of name (a buffered
NONE set of data). Default is on (ALL).

SELECT LIST n list ENDLIST Defines LIST n (1 < n < 5) as list (sece
above).

SELECT name LIST n Prints LIST n Z-slices when name data is
printed.

Lﬂd



6.45.10 NTERAK DIAGNOSTICS AND OUTPUT CONTROL

The diagnostic keywords recognized by NTERAK are IDIAGS(N) and
JDIAGS(N). For example, a runstream might contain the card

IDIAGS(9) 1
A1l diagnostics have a default level of zero. Diagnostic flag levels
are usually recognized in a > sense; i.e., larger flag levels include
all the lower levels.

The diagnostic flags are as follows:

IDIAGS(1) used by PWASON
= 2 CONGRD output
= 3 COPROD output
= 4 Additional COPROD info, all of the PCUBE routines, and
DCVCEL output
= 5 Additional DCVCEL output

AT JUSRECAN

)

Nas

Abhh NS ant
- SLe

IDIAGS(2) CBUF usage

2 Information from DEBUF, BUFSWP, GETLAD, BUFSET (MORCOR
calls, IAVECS settings)

= 3 PAGER (TIMER calls on entry and exit)

=4 A1l info from PAGER and GRIDIO

Pl A S 2

3
-
-
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IDIAGS(3) VERTIO check
= 4 A1l VERTIO action

RN B
4wy

x_»
.
R A

.
* o’

A

IDIAGS(4) TIMING
=1 in OPTIN

2 in CHARGE, IONDEN, CONGRD

3 in PAGER
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6.4-9
IDIAGS(5) Self diagnostics
=2 GRIDIO (calls CHKPUF to check the addressing system).
IONDEN plus others possibly in future (calls CHKLOC to
issue warnings if addresses within CBUF are too big to be
passed within a word.)
| =3 CHKLOC prints core locates of the all locations passed to
] it.
=4 CHKLOC generates non-fatal walkbacks for warning

......?
s ..l.{l:" ':,.1 < §
ya' gy gy
Y e

situations.
=5 CHKLOC generates non-fatal walkbacks for all calls to it.

»
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IDIAGS(6) Trajectory tracing (CURREN)
=1 Trajectory progress checking
j = 2 PRNTSL (particle reading and writing) action, particle
, movement at the slice level
=3 Complete output from PRNTSL, print out the various grids
used by CURREN on exit
= 4 Print individual particle movements

Fa

= 5 Energy checking diagnostics

IDIAGS(7) QSELT
=4 QSELT information

l
o
(\-n
L
I
S
e
L]

e Y W W W-lses e

o A

IDIAGS(8) CHARGE
Echo input

Control flow info

n
S N B W N = O

Voltage results from ICCG

’
"

Input to ICCG, previous cycle data, material info

e

ORI
Mo

Intermediate subroutine output

A

k

Surface by surface calculations
FLUXEL and FLUXBK output, CHKIMV surface checking
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IDIAGS(9)
= 1
= 2
=3
= 4
=5

JDIAGS(1)
= 0,1
=2

JDIAGS(2)
=3

JDIAGS(3)
2
3

JDIAGS(4)
1
3

)

JDIAGS(5)
=2
=3

JDIAGS(6)
=2

6.4-10

IONCUR

Print SRFI list
Intermediate lists

Weight calculation results
Weight calculations
Particle lists from CURRENT

SREL (VEHICL)

No output

Print out LCEL and SREL lists. Also information from
RECELL, SREL index to LCEL.

Print out prelimipary LCEL list

Detailed output from routines constructing LCEL and SREL
lists.

SHEATH calculation
Print presheath information

PRECHG
Print ambient ion currents calculated by AMBCUR

ASRF from ALSURF

IONDEN
Print progress notes
SHFTIT results (for filled or partially filled elements)

Double point data

Potentials from POTSET

On input to major modules and

double point locations from SPDPNT (vehicl)

More double point information from SPDPNT (vehicl)

RHOI values
Print RHOIs after completion of CURREN (in CUEXIT)
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6.4-11
JOIAGS(7) Particle pushing error control
=1 Print info for particle in error
=3
=4 Kill run if 5 percent of particles are lost to errors
= 5 Die instantly when an error occurs
JDIAGS(8) Modified CHARGE output
=1 Final surface voltage for the cycle, including INISET
=2 Initial FTOT and FSM used (total current and total
secondary current)
= 3* Components of current for each surface
* Note that the information produced by JDIAGS(8) = 2 is included

in JDIAGS(8) = 3 so the flags are exclusive.

JDIAGS(9

£H N~

JDIAGS(9)
=2
=3

KDIAGS(1)
=1
=2

KDIAGS(2)
3

KDIAGS(3)
=2

KDIAGS(4

LN~

MTLGEN (in VEHICL)
Print calculated AMAT
Print all appropriate information

IONGEN (in NTERAK)
IONGEN prints DIONs
IONGEN prints LTYPs

MSMODS
Routines echo calls to themselves
Perform tracebacks when called to find caller

CHKSTH, CHKTRJ
Echo commands

E field correction to geometric ion densities
Print tables which will be used

DBLCHK (particle validation)

Potentials for rejected particles
Position velocity for all particles
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~-F.

M

v IBIAGS(1) Magnetic field diagnostics from CURREN
NS = 0 None

=1 Some
=2 More
> 2 Lots

IBIAGS(2) Magnetic field information from CHARGE
0 None
1 Some
=2 More
2
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N

6.50 OPERATING SHONTL NN
'\-'..c’

s

A
SHONTL is POLAR's general plotting and information extraction jf‘*
program. Its primary sources for these functions are the two mass S;g“
&
storage files, 11 and 19. For certain functions, SHONTL will actually Eﬂ;ﬁ
duplicate NTERAK calculations. ‘&3?
» =

SHONTL's primary plotting mode is to construct two-dimensional
contour plots of data slices perpendicular to any of the three
coordinate axes. Currently, the following variables may be viewed in
this fashion: neutral ion densities ('Gl's), composite ion densitis=s
('DION's), stabilized charge densities ('QUSD'), and potentials
('POT'). In addition, SHONTL can execute the CURREN module of NTERAK
and superimpose the results on any of the contour plots. In
particular, there are two types of graphical output from
SHONTL-CURREN, The sheath location can be indicated by a contour of
X's using either the sheath potential that was used by NTERAK-CURREN,
or optionally changed with the STHPOT keyword (Section 6.52); also,
ion trajectories may be displayed with the following options: A total
perspective of complete trajectories projected onto the plot's slice
(keyword PERSPC), the portion of all trajectories that pass through
the plot slice, trajectories emanating from a ring of sheath points
lying in selected X-Y plane (X-Y only) (keyword RING) which can also
use the PERSPC option, and in addition to all of the above the WEED
option will throw out about 75 percent of the trajectories to reduce
plot cluttering and computing costs. Finally, a single point
trajectory option is also available (keyword SPQTS).

Other plotting features are limited to a spectrum plot of the
energetic electron environment. Future modifications will allow
SHONTL to reproduce the material plots and the hidden line object
perspective views that are currently available only from VEHICL.
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6.5-2
In addition to plotting, SHONTL can output to a printer (or

whatever) the current values of virtually any variable stored on files
11 and 19, through the use of the PRINT NAME keyword where NAME would
be the exact FORTRAN name of any variable known to MRBUF (a
subroutine). A list of these can be found in Section 5.33. The
format for this output is generally identical to that used by VEHICL,
ORIENT, and NTERAK when these variables are output from these

modules. A note of warning - variable aliasing is not always

-----

identical between modules. For example, potentials would be output by
NTERAK by the 'card'

ISPOUT FINAL
which would produce potential array output (modified by the SELECT

keyword) at the conclusion of a spacecharge-potential calculation (the
PWASON submodule of NTERAK). Whereas in SHONTL one would enter the

cards p
SELECT - options - ;;ES;
PRINT POT e
f:‘..k ‘:.~
e
to get the same output. [.:

Like the other modules, SHONTL keywords fall roughly into two
categories that can be described as verbs and adverbs. For example, a

user might enter the following adverb cards to set up plot parameters:
PLOTS ON
LEVELS 20
LEVELS NOMARK
GRDPTS ON
SHEATH ON
followed by the verb card
POT ¥
which would trigger the actual production of a putential contour piot

with a sheath indicated, no contour markings, approximately z0 contour

levels, and all grid points indicated.
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6.5-3
h Finally, plots (but not output) are generated in a machine
independent fashion on file 2., and a post-processor (usually
PLOTREAD) is used to interface to the local graphics package.
Depending upon installation and requirements, the user might want file

\ 2 to be a permanent file.

TR,

i} 6.51 STEP BY STEP INSTRUCTIONS FOR SHONTL

.

PR

Step 1: Two data files are needed by SHONTL. They are file 11,
and these files must be named 11 and 19. The best way to
do this on the UNIVAC is to use the @USE command.

Step 2: Enter @ XQT POLAR*SHOABS.SHONTL.

' Step 3: Now you need to enter the information needed to retrieve

v ... - .‘ ..'...,’ :‘ 'l. "\..\-.Y
v L A
l. l‘

the slice you wish to plot. The instructions for the
input routine are in the form of keywords (6.52).
Additionally, there are several commands to help use the
keywords to get the desired plots (6.52).

- The first step is to choose the plotting features you wish
to use. These include marking the grid boundaries,

\ showing the silhouette of the object, marking the grid
points, choosing the axis for the problem and choosing a
title for the plot. (There is a complete list of the

. keywords in the next section.)

-

; Step 4: When all of the desired features have been chosen, a slice
" needs to be defined, At this point a plot is generated.

E There are several useful defaults which produce sets of

o

)

plots (see 6.53)% Now one can return to step 4 to produce
. additional graphs or continue onto step 5.

SV V.S

Step 5: To leave SHONTL, type EXIT if you want hard copies of the
plots to be generated. Type ESC (for escape) if no hard
copies are desired., The EXIT command will call PLOTRD
automatically.

Step 6: Show all of your friends your nifty plots.
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6.52 SHONTL KEYWORDS

The following is the current list of SHONTL keywords. A1)l of
the input which cannot be recognized is simply printed on the screen
and then ignored.

The form of a keyword definition is

KEYWORD[, equivalent forms](*default setting*/other settings)
definition

The terms "ON" and "OFF" describe the :etting of the option. So if
something is set to “OFF", it will not appear on the plot. For
example,

PLOTS OFF

will cause those plots generated while the flag is off, to not be
printed. Since default value of PLOTS is off, to prevent undesired
plots, the definition of PLOTS looks like

PLOTS (*OFF*,0ON) causes the .....
Here is the present keyword list:

ALL (ON/OFF) turns all of the on/off switches to ON or OFF.
"ALL ON" would turn on all of the keywords which can be set to
(ON/OFF).

AXDRAW (*ON*/OFF) controls the printing of the plot axis, scale
values, and axis labels.

A2SURF (*ON*/OFF) controls the printing of the object's
silhouette.

COLOR (ON/*OFF*) turns on color filled features. This may
depend on the use of a Jupiter.

COMMENT causes the input routine to ignore the rest of the
line. Note that only the first six characters on the line are
actually read.
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¢ ::%'\

CONLIN (*ON*/OFF) controls the printing of the contour lines on .'::I-,s
the plot. an
DEBYE causes the scale on the plot to be in Debye lengths. The I::I}-j
origin (0,0) is the object grid origin (see 'GRID'). The normal ,-l;?.j
default is to grid units. el
ey

N DENSIT,DEN,D. This is a request for a plot of a slice of ROy
density data. The allowable forms of requests for density Ce
slices are N
DENSIT X N i
DENSIT X MIDDLE e
DENSIT X AN
DENSIT o
where either of the abbreviations may be substituted for A
DENSIT. #~lso Y or Z can be used for X, MID can be used for e
middle, and N is a positive integer on the axis (X, Y, or Z) T
that is in the grid space. The axis is the axis perpendicular ;;";’;.;
to the plane of the slice. If form 2 or 3 are used, the middie s
of the object grid will be plotted. If the last form is used, o
the middle X and Y slices will be plotted. e
ERASE causes any plots which have been created to be erased and _f_i:w_?ﬁ:
not produced by PLOTRD. .-‘;,_’_vi
ESC causes the SHONTL module to be exited immediately without Y
any additional output. (The keyword ESCAPE is equivalent.) RS
.
o
EXIT signals the end of the input. If no plots have been v
requested at this point and 'PLOTS' is 'ON', then four plots -".';;tv
will automatically be produced. They will be plots of the e
potential and density at the middle of the X and Y axes. —
T
FILLIN (*OFF*/ON) causes the interior of the object to be o
filled. The routine looks for zeros surrounded by relatively NS
big numbers. This changes the appearance of the contour lines S
in a way which may be desirable. (Obsolete.) T
FRAME (*PLASma*/CRAFt) - (**/X Y Z). This keyword chooses the KA
reference frame for viewing potentials. The default is the e
plasma frame used_}bg> NTERAK, but a spacecraft frame may be {j}_;.-
chosen where the vxB electric field will appear at 'infinity'. Koy
- In the spacecraft frame the definition of plasma ground will NS
appear arbitrary (it is not really) but it may be shifted from r-
the point chosen by NTERAK, 0N
AN

GETSLC (*ON*/OFF) causes the plot generation routine to read a DAY
slice from the data file. e
s;;'.;‘.

GRDPTS (ON/*OFF*) causes crosses to be printed at each of the —;-;-.3
nodes. o
s

N
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GRID causes the scale of the plot axes to be in object grid 0N
units., The reference point in this coordinate system is the e
lower left corner of the object definition grid which is defined ;{{Z
to be (1,1). This is the default scaling. :;&;
[

HEADNG (*ON*/OFF) causes the heading to be printed at the top of Foavod
the plot. ey
E.‘,J-.,J

IDIAGS(N) is the keyword input section which allows setting of ﬁﬁ&ﬁ
any of the IDIAGS flags. For information concerning the IDIAGS, {in
see Section 6.70. LR
INPSPT (*0*). The keyword, INPSPT (INPUT SPOT), is used to el
trace the trajectory of a number of particles (SPOTS) which the -;ﬁ;}
format for keyword is "INPSPT N", where N is the number of K
points to be entered. The maximum number of points is 20. (N
After the INPSPT keyword, the N particles are defined by giving JE—
their initial position (X,Y,Z) and velocity (VX,VY,VZ). For e
example, if we wanted to define two particles, one with the NS
position (4.,5.,6.) in grid units and velocity (-.1,-.1,-4.) N
normalized to the ion acoustic speed (see documentation, POLAR BAhAY
Manual, Section 5.62.12), and a second particle with the NN
position (-1.,3.,-2.5) and a velocity of (-1.,-.3,.01) we would |
enter: N
INPSPT 2 S

4, 5. 6. -.1 -.2 -4, "

-1 -3 -2.5 -l. -.3 .01
JDIAGS(N). See entry for IDIAGS(N).
KDIAGS(N). See entry for IDIAGS(N).
LEVELS (*10*-AUTO) set the number of contour lines to be drawn

and their selection mode. The keyword LEVELS is also an entry
word to the following contour options:

LEVELS AUTO linearly spaced contours, rounded to nice ROy
numbers, for potentials, the kT and 0.1*%kT et
contour will be added and the kT level NS
marked. AN

LEVELS NOMARK turns off all contour marking. £t

LEVELS MARK VALUE MARKER will mark the contour level at VALUE .Skg!

with the first character of MARKER. RS
Marking with a number can be NS
accomplished by #LLL where # is a N

5

number and L is any letter. Only #

will be used, but the LLL is -
necessary for # to be recognized as

a literal., This command may be

repeated to mark up to nine levels.
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6.5-7
LEVELS ADD VALUE, add a contour level
LEVELS SUB VALUE, remove a contour level
LEVELS SELECT VALUE, turn off auto mode and use input levels

LINEAR means the contour lines will be of the unmanipulated data
in the slice. This is the default mode.

LOG causes the contours to be of the natural log of the slice
data. The normal default is 'LINEAR'.

LOG10 causes the contours to be of the base 10 log of the slice
data. The normal default is 'LINEAR'. .
METERS causes the units of the scale of the plot axis to be in
meters. The origin (0,0) is the object grid origin (see
'GRID'). The units default to grid units.

MIDDLE ,MID. These keywords must follow X, Y, or Z to be
meaningful. In this context, they cause the plot to be of the
middle of the object grid. (For a more exact description of the
middle of the grid, see 'DENSITY'.)

NONE. This keyword can be substituted for POTENT or DENSIT. It
will cause plots to be made without potentials or ion

densities. It can be used to look at the output from VEHICL.
When plots of sheaths and trajectories are made, it is also
helpful. The syntax for NONE is exactly the same as for POTENT
or DENSIT.

NUMBER (ON/*QFF*). NUMBER is used when tracing particles. If
it is used in conjunction with IDIAG(6)=5, the particle pusher
will number the particles for diagnostic output. This is very
useful ;or debugging the CURREN segment. (See also the notes on
IDIAGS.

OBJCNR (ON/*OFF*) causes four small boxes to be drawn in the
corners of the object grid.

OBJGRD (ON/*QFF*) causes the object grid to be plotted.

OUTREL (*ON*/QOFF) causes the outer stepped grid of real nodes to
be plotted.

OUTVIR (*ON*/OFF) causes the outer stepped grid of virtual nodes
to be plotted.

PERSPC (ON/*OFF*), When PERSPC is on, all of the sheath points
and trajectory paths will be plotted. If it is off, then anly
those points or paths which are in or cross the slice being
drawn will be shown.
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6.5-8
PLOTS (ON/*OFF*) causes the plots to be produced. If it is off,
the slices will be read and processed for plotting, but will not
be plotted.

PLTGRD causes the scale of the axis to be in plotting grid
units. These are the same size as object grid units but the
lower left corner is defined to (0,0). In object grid units,
the reference point on the grid is the lower left corner of the
object definition grid which is defined to be (1,1). The
default is object grid units.

POTENT,POT,P. This is the same as 'DENSIT' except potential
slices instead of density slices will be plotted. Please see
‘DENSIT' for more information.

PRINT name causes name to be read from the appropriate file.
Valid name replacements are any of the buffered data lists

mentioned in Section 5.33. For larger data sets, the use of N
SELECT is recommended (see below). e
™
PRTSLC (*OFF*/ON) causes a grid of integers to be printed. This ti::.
is helpful to examine a slice for plotting before a plot is DA
actually produced. Be sure to turn 'PLOTS OFF' if plots are not P
desired. o
possy
RESET. This keyword resets all of the plotting flags to their S
initial values. o
Sazat
RING (ON/*OFF*), Sometimes on large problems, it is desirable oo
to trace fewer particles. One way to do this is just follow a TN
ring of particles. Presently the only rings in the XY plane can RO
be made. N is the Z slice of the ring. If a ring in the Z=22 el
slice was desired, the keyword would be "RING 22". If RING is o
followed by ON or nothing at all, the middle Z slice will be Ny

used.

SELECT options used to choose particular Z-slices for printing
when using PRINT or a DIAG (or IDIAGS, etc.) flag. Many options
are available and the user is referred to Section 6.44, 6.45 or
6.70.

SHEATH (ON/*QFF*) causes the sheath points to be printed on the
plot.

SPOTS (ON/*OFF*). To push a few test particles to see which

trajectories they will take, use the SPOTS flag. To enter these .
particles, see INPSPT. It is recommended that PERSPC is ON when

SPOTS is used.

STHPOT N. The SHEATH potential for plotting the sheath can be
changed by resetting STHPOT. The initial value is the same as
the value used by CURREN during NTERAK. N is a real number.
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TITLE. Used to define the title to be put on the plot. The DD
default is "POLAR PLOTS". The desired plot title should start S
in the ninth column of the card DTN
1234567890123456 =

TITLE BIG BIRD PR

-

In the above example, the heading appearing on the plot would be
“8IG BIRD*. Currently there is a 16 character maximum.
(Presently unimplemented. )

. TRAJ (ON/*OFF*). This flag turns on plotting of particle
trajectories.

WEED (*ON*/OFF). This flag reduces the number of particles
usually found by CURREN by about a factor of 4. This not only
speeds up the plotting process but also makes the plots a little
clearer.

WHAT causes all of the print options and their current settings
to be printed at the terminal.

X,Y,Z the axis perpendicular to the slice to be plotted. If
both potential and density plots are desirable, something 1ike

X 8
can be typed. This plots the X = 8 slice of the density and the
potential data. Instead of 8, any integer containing part of
grid, middle or mid, or nothing at all can be used. Nothing at
all will default to a middle slice. Valid forms are

XN

Y MIDDLE

Z MID

X
where X, Y, and Z are interchangeable and N is any integer as
described above. Please see 'DENSIT' for more information.
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6.5-10
6.53 SPECTRUM KEYWORDS AND OPERATING INSTRUCTIONS

The spectrum plots are generated by SHONTL using the plasma
characteristics used by a previous NTERAK run or by defining the
environment using the same keywords used in NTERAK.

SHONTL keywords:
(Note that the range of values plotted on the vertical axis is
currently not controllable by the user and is limited to six
orders of magnitude down from the maximum flux while in the
LGLINY LOG mode. )

Default options are marked by surrounding *'s. These *'s are
not part of the keyword.

6.54 SHONTL DEFAULTS

SHONTL has lots of defaults. A1l of the plot features have
defaults (6.52). There are also slice default values for which slicas
are printed. The current slice defaults are also in Section 6.52
under the 'DENSIT' definition.

The default values will vary as the plotting requirements
change. The best place to look for default changes will probably be
the code itself. The WHAT command gives the feature defaults.
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n is the value of the energy cutoff on the
high end. '

y axis always in eV, x axis is variable.

7w
S

p
5

a log 10 or linear plot of data on the vertical

5,

../7
b

!

axis.

a log 10 or linear plot of data on the horizontal

axis.

......

number of points to be calculated and connected
(0 < n < 200).

n is the value of the low energy cutoff on the

horizontal axis.

draw a spectrum plot using the previously entered

information.

write the plasma environment generated so far
during the current run onto files 11 and 19.
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